This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


£jfi^ftTtf.Y 


r 


Digitized  byVjOOQlC 


Digitized  byVjOOQlC 


Digitized  byVjOOQlC 


Digitized  byVjOOQlC 


Digitized  byVjOOQlC 


.'A 


The  ^Journal 

of 

Biological  Chemistry 


Volume  12 
1912 


JOTTNSON  REPRINT  CORPORATrn\' 


Digitized  by 


Google 


The  Journal 

of 

Biological  Chemistry 


Volume  12 
1912 


tUprinUd  by  arrangement  with  the  American  Society  of  Biological  ChemieU,  Inc, 

JOHNSON  REPRINT  CORPORATION 

New  York,  New  York 


Digitiz'ed  by  Google 


CAT.  FOR 
CHEMISTHTi 


Digitized  byVjOOQlC 


THE  JOURNAL 


OF 


BIOLOGICAL  CHEMISTRY 

rOUXDSD  BT  CBKISTIAN  A.  RKSTBK  AND  BXmTAUffSD  IN  PABT  BY  THB  CHBIBTIAN  A.  HBBTBB 

MBUOBIAL  FUND 


EDITED   BT 

H.  D.  DAKIN,  New  York  City.  LAFAYETTE  B.  MENDEL,  New  Haven,  Conn. 

B.  K.  DUNHAM,  New  York  City.       A.  N.  RICHARDS,  PhUadelphia,  Pa. 

WITH  THB  COLLABORATION  OF 

J.  J.  ABBL,  BBltimora,  Hd.  P.  A  LBVBIIB,  New  York. 

R.  H.  CHTTTBNDBN,  New  Hbtbii,  Cenn.  JACQUBS  LOBB,  New  York. 

OTTO  FOUN,  Beeteo,  Mmm.  A.  8.  LOBVBNHART,  HBdison,  Wis. 

WnXIAM  J.  GIBS,  New  York  GRAHAM  LUSK,  New  York. 

L.  J.  HBNDBRSON,  Cembridfe,  Meit.  A.  B.  MACALLITM,  teronto,  CmnadB 

REID  HUNT,  Wadiii«toii,  D.  C.  J.  J.  R.  MACLBOD,  ClerelBiid.  Ohio. 

WALTBR  JONBS,  Baltimore,  Md.  JOHN  A.  MANDBL,  New  York. 

J.  H.  KASTLB,  Lejdoftoii.  Ky.  A.  P.  MATHBWS,  Chicofo,  HI. 

J.  B.  LBATHBS,  Toronto,  ConodB.  F.  G.  NOVY,  Ann  Arbor,  Micb 

THOMAS  B.  OSBORNB,  New  Hbtoii,  Conn. 

T.  BRAILSFORD  ROBBRT80N.  Berkeley,  Col. 

P.  A.  SHAFFBR,  St.  Louio,  Mo. 

A.  B.  TAYLOR,  Phflodeifhia,  Pb. 

F.  P.  UNDBRHILL,  New  Haven,  Conn. 

V.  C.  VAUGHAN,  Ann  Arbor,  Mich. 

ALFRBD  J.  WAKBMAN,  New  Haven,  Coon. 

HBNRY  L.  WHEBLBR,  New  Haven,  Conn. 


VOLUME    XII 

Baltimore 

1912 

Digitized  byVjOOQlC 


CAT.  FOR 

CHEMISTRY 


Ooraion  191a 

BT 

THE  JOURNAL  OF  BIOLOGICAL  CHEMISTRY 


Digitized  byVjOOQlC 


CHEMlSTBt 
UBRAar 

CONTENTS  OF  VOLTTME  XII. 

T.  Bbailsfobd  Robebtson:  On  the  extraction  of  a  substance 
from  the  sperm  of  a  sea  urchm  {SirongylocenJbroiuB 
purpuralus)  which  will  fertilise  the  eggs  of  that  species      1 

Abthttb  I.  Kendall  and  Chbstbb  J.  Fabmsb:  Studies  in 

bacterial  metabolism.    1 13 

Abthttb  I.  Kendall  and  Chesteb  J.  Fabmeb:  Studies  in 

bacterial  metabolism.    II 10 

T.  Bbaiusfobd  Robebtbon:  Note  on  the  refractivity  of  the 
products  of  hydrolysis  of  casein,  and  a  rapid  method 
of  determiningtherelative  activity  of  trypsin  solutions    23 

Waltbb  Jones:  On  the  formation  of  guanylic  acid  from  yeast 

nucleic  add 31 

EbwABD  H.  Goodman:  The  excretion  of  iron  in  the  urine  in 

pneumonia 37 

E.  H.  Waltebs:  Studies  in  the  action  of  trypsin.  II.  (a) 
On  the  influence  of  the  products  of  hydrolysis  upon 
the  rate  of  hydrolysis  of  casein  by  trypsin;  (b)  The 
autohydrolysis  of  the  caseinates 43 

Fbedebic  Fengeb:  On  the  presence  of  active  principles  in  the. 

thyroid  and  suprarenal  glandb  before  and  after  birth    55 

RoBEBT  Banks  Gibson  :  On  the  nature  of  the  so-called  artificial 

globulin 61 

R.  C.  Collison:  Inorganic  phosphorus  in  plant  substances. 

An  improved  method  of  estimation 05 

WiLLLUiC  C.  Rose:  Experimental  studies  on  creatine  and 
creatinine.  IV.  The  estimation  of  creatine  in  the 
presence  of  sugar 73 

Thomas  B.  Osbobne  and  Lafayette  B.  Mendel  (with  the 
codperation  of  Edna  L.  Febbt)  :  Feeding  experiments 
with  fat-free  food  mixtures 81 

Cabl  O.  Johns:  Researches  on  purines.  On  2-oxy-6,8,9-tri- 
methylpurine,  2-oxy-6,9-dimethylpurine  and  2-oxy- 
8,9-dimethylpurine 91 

iii 

Digitized  by 


^  „,,..„„,  Google 

545  ^ 


iv  Contents 

R.  J.  Andebson:  Phytin  and  pyrophosphoric  acid  esters  of 

inosite 97 

Fbank  p.  Underbill:  The  influence  of  sodium  tartrate  upon 
the  elimination  of  certain  urinary  constituents  during 
phlorhizin  diabetes 115 

P.  A.  Levene  and  Donald  D.  Van  Sltke:  Picrolonates  of  the 

monoamino-acids 127 

Otto  Folin  and  W.  Denis:    Protein  metabolism  from  the 
standpoint  of  blood  and  tissue  analysis.    III.  Fur- 
ther absorption  experiments  with  especial  reference 
to  the  behavior  of  creatine  and  creatinine  and  to  the 
formation  of  urea 141 

T.  Brailsford  Robertson:  On  the  non-enzymatic  character 

of  oocytin  (o6c3rtase) 163 

Treat  B.  Johnson  and  Charles  J.  Brautlecht:  Hydan- 

toins:  The  synthesis  of  thiot5rrosine 175 

Harry  J.  Corper:  A  modification  of  Ritter's  method  for  the 

quantitative  estimation  of  cholesterol 197 

Treat  B.  Johnson  and  William  B.  O'Brien:  Hydantoins: 

A  new  method  for  the  S3aithesis  of  phenylalanine. . .  205 

Arthur  I.  Kendall  and  Chester  J.  Farmer:  Studies  in  bac- 
terial metabolism.    Ill 216 

Arthur  I.  Kendall,  Chester  J.  Farmer,  Edward  P.  Bago, 
Jr.,  and  Alexander  A.  Day:  Studies  in  bacterial 
metabolism.    IV 219 

A.  I.  Ringer:  On  the  influence  of  glutaric  acid  on  phlorhizin 

glycosuria 223 

Arthur  W.  Dox  and  Leonard  Maynard:  Autolysis  of  mold 

cultures 227 

Frederick  P..  Gay  and  T.  Brailsford  Robertson:  A 
comparison  of  paranuclein  split  from  casein  with  a 
synthetic  paranuclein,  based  on  immunity  reactions .  233 

Otto  Folin  and  W.  Denis:  On  phosphotungstic-phospho- 

molybdic  compounds  as  color  reagents 239 

Otto  Folin  and  W.  Denis:  Tyrosine  in  proteins  as  deter- 
mined by  a  new  colorimetric  method 246 

Otto  Folin  and  W.  Denis:  Protein  metabolism  from  the 
standpoint  of  blood  and  tissue  analysis.  IV.  Ab- 
sorption from  the  large  intestine 253 

Digitized  byVjOOQlC 


Contents  v 

Orro  FoLiN  and  Henbt  Lyican:  Protein  metabolism  from 
the  standpoint  of  blood  and  tissue  analysis.  V.  Ab- 
sorption from  the  stomach , .  269 

P.  A.  Letene  and  G.*M.  Mbteb:  On  the  action  of  leucocytes 

on  glucose 266 

Donald  D.  Van  Sltke:  The  quantitative  determination  of 

aliphatic  amino  groups.    II.    (Plate  I) 276 

P.  A.  Levene  and  Donald  D.  Van  Sltke:  The  composition 
and  properties  of  glycocoU  picrate  and  the  separation 
of  glycocoU  from  iJanine 286 

Donald  D.  Van  Sltke:  The  conditions  for  complete  hydroly- 
sis of  proteins 296 

P.  A.  Letene  and  Donald  D.  Van  Sltke:  Gasometric  deter- 
mination of  free  and  conjugated  amino-acids  in  the 
urine 301 

W.  F.  Koch:  On  the  occurrence  of  methyl  guanidine  in  the 

urine  of  parath3rroidectomized  animals 313 

H.  B.  Williams:  Animal  calorimetry.  I.  A  small  respira- 
tion calorimeter.     (PlatesII-IV) 317 

H.  B.  Williams,  J.  A.  Riche  and  Graham  Lusk:  Animal 
calorimetry.  II.  Metabolism  of  the  dog  following 
the  ingestion  of  meat  in  large  quantity 349 

P.  A.  Levene  and  W.  A.  Jacobs:  Guaninehexoside  obtained 

on  hydrolysis  of  thymus  nucleic  acid 377 

P.  A.  Levene  and  W.  A.  Jacobs:  On  cerebronic  acid 381 

P.  A.  Letene  and  W.  A.  Jacobs:  On  the  cerebrosides  of  the 

brain  tissue 389 

Donald  D.  Van  Sltke  and  Gustav  M.  Meter:  The 
amino-acid  nitrogen  of  the  blood.  Preliminary  ex- 
periments on  protein  assimilation 399 

P.  A.  Levene  and  W.  A.  Jacobs:  On  the  structiu-e  of  th3anus 

nucleic  acid 411 

P.  A.  Levene  and  W.  A.  Jacobs:  On  guanylic  acid 421 

W.  A.  Jacobs:  On  the  preparation  of  glucosides 427 

W.  A.  Jacobs:  A  note  on  the  removal  of  pbosphotungstic  acid 

from  aqueous  solutions 429 

A.  I.  Ringer:  Protein  metabolism  in  experimental  diabetes. .  431 

R.  J.  Andebson:  Concerning  the  organic  phosphoric  acid  com- 
pound of  wheat  bran 447 

Digitized  byVjOOQlC 


yi  Contents 

Abthur  I.  Kendall  and  Chester  J.  Farmer:  Studies  in  bac- 
terial metabolism.    V 466 

Arthur  I.  Kendall  and  Chester  J.  Farmer:  Studies  in  bac- 
terial metabolism.    VI 469 

TnoiiAS  B.  Osborne  and  Lafayette  B.  Mendeu  (with  the 
codperation  of  Edna  L.  Ferrt)  :  The  rdle  of  gliadin 
in  nutrition 473 

A.  I.  Ringer:  The  chemistry  of  gluconeogenesis.  I.    The 

quantitative  conversion  of  propionic  acid  into  glucose  511 

Index  to  Volume  XII 517 


Digitized  byVjOOQlC 


ON  THE  EXTRACTION  OF  A  SUBSTANCE  FROM  THE 
SPERM  OF  A  SEA-XJRCHIN  (STRONGYLOCENTROTUS 
PDRPURATUS)  WHICH  WILL  FERTILIZE  THE  EGGS 
OF  THAT  SPECIES. 

By  T.  BRAILSFORD  ROBERTSON. 

{From  the  Rudolph  Spreckels  Physiological  Laboratory  of  the  University  of 

Calif omia,) 

(Received  for  publication,  March  14, 1912.) 

From  time  to  time  various  unsuccessful  attempts  have  been 
made  to  extract  a  substance  from  sperm  which  will  fertilize  eggs  of 
the  same  species.  All  of  these  attempts,  as  Loeb  has  pointed  out,^ 
have  either  been  unsuccessful  or  else  open  to  the  criticism  that  live 
sperm  were  present  or  that  the  sea  water  in  which  the  extract 
was  dissolved  was  hjrpertonic  or  h3rperalkaline  and  thus  brought 
about  artificial  parthenogenesis. 

I  have  recently  succeeded  in  extracting  a  substance  from  the 
sperm  of  Strongylocentrotus  purpuratuSy  which  is  capable  of  ferti- 
lizing the  eggs  of  that  species,  by  a  method  which  is  not  open  to 
these  criticisms.    In  my  first  experiment  I  proceeded  as  follows: 

Eighteen  testes  from  mature  males  of  Strongylocentrottts  pur- 
puraius  weref  immersed  in  65  cc.  of  distilled  water  and  allowed  to 
stand  in  ice  for  two  or  three  days.  To  this  mixture  were  then  added 
165  cc.  of  distilled  water.  The  total  volume  of  the  mixture  was 
now  340  cc.  To  this  mixture  were  added  a  few  cubic  centimeters 
of  ether  in  order  to  complete  the  cytolysis  of  the  cells  and  the  mix- 
ture was  allowed  to  stand  at  room  temperature  for  about  one 
hour,  being  thoroughly  shaken  from  time  to  time  by  hand.  To 
this  were  then  added  40  cc.  of  y  NaCl,  thus  rendering  it  isotonic 
with  sea  water,  and  the  mixture  was  then  shaken  very  thoroughly 

^  J.  Loeb :  Die  chemiacfie  Enttvichlungaerregung  dee  tieriechen  Eies,  Berlin, 

lfiO»-  r.  .  K 
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2  Fertilizing  Agent  in  Sperm 

and  allowed  to  stand  at  room  temperature  over  night.  The 
following  morning  the  mixture  was  again  shaken  and  then  very 
thoroughly  eentrifuged  until  a  perfectly  clear  fluid  layer  was 
obtained,  floating  above  the  residue.  This  clear,  brownish  fluid, 
upon  which  were  floating  a  few  fragments  of  connective  tissue, 
was  then  filtered.  Filtration  was  very  rapid  and  a  clear,  brownish, 
very  slightly  opalescent  filtrate  was  obtained  of  which  the  volume 
was  200  cc.  To  this  were  added  600  cc.  of  acetone.  A  copious 
flocculent  precipitate  resulted  which  was  collected  on  a  hardened 
filter,  wash^  in  500  cc.  of  alcohol  twice,  and  then  twice  in  500  cc. 
of  ether*  and  then  left  to  dry  over  HsS04  in  an  incubator  at  36® 
for  twelve  hoiu^. 

The  product  was  a  pale  violet,  lightly  caked  powder.  It  was 
pulverized  and  sifted  through  a  very  fine  sieve  and  then  dried 
further  over  H3SO4  at  37**  for  three  days.  About  1  gram  of  mate- 
rial was  obtained. 

One-quarter  gram  of  this  material  was  rubbed  up  to  a  paste  with 
a  little  filtered  sea  water  and  the  volume  was  then  made  up  to  50 
cc.  with  sea  water  and  the  mixture  thoroughly  stirred  and  allowed 
to  stand  at  room  temperature  for  one  hour.  A  considerable  pro- 
portion of  insoluble  residue  which  was  purple  in  color  remained; 
this  was  eentrifuged  off  and  a  clear,  pale  yellowish,  slightly  opales- 
cent fluid  was  obtained.  This  fluid  was  diluted  to  one,  one-half, 
one-fourth  and  one-sixteenth  with  sea  water. 

To  2  cc.  of  each  of  these  mixtures  were  added  2  drops  (A)  of  the 
the  ripe  eggs  of  StrongylocerUrotua  purpuralus  which  had  not  imder- 
gone  previous  treatment  of  any  kind  save  that  of  washing  in  sea 
water  or  (B)  of  the  eggs  of  the  same  female  which  bad  been  pre- 
viously treated  by  four  minutes'  inmiersion  in  j  SrCli.  The  follow- 
ing were  the  results  obtained: 


*  These  washings  were  conducted  within  the  incubator  over  H1SO4  in  order 
to  avoid  the  deposition  of  atmospheric  moisture  upon  the  filter.  The  same 
remark  also  applies  to  the  preparations  described  below. 
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Distinct  spherical  membranes 
on  a  number  in  fifteen  min- 
utes.   In  forty  minutes  100 
per  cent  have  formed  mem-  i 
branes. 

In  forty-five  minutes  no  mem- 
branes  had  formed. 


In   forty-five  minutes  no  | 
effects. 


1 

In  forty-five 

minutes 

no 

effect. 

A 

In  forty-five 

mi 

inutes 

no 

effect. 

In  twenty  minutes  distinct 
spherical  membranes  on  100 
per  cent. 


In  seven  minutes  membranes 
beginning  in  several.  In 
thirty  minutes  30  per  cent 
have  membranes.  In  40  min- 
utes, 44  per  cent. 

In  thirty  minutes  about  30  per 
cent  have  perfect  spherical 
membranes. 

In  thirty  minutes  several  have 
perfect  membranes. 

In  fifteen  minutes  blisters  or 
thin  membranes  on  many  of 
the  I 


A  repetition  of  the  experiment  yielded  identical  results. 

From  these  results  I  was  at  first  inclined  to  conclude  that  I  had 
succeeded  in  extracting  the  fertilizing  agent  from  sperm.  My 
colleague,  Dr.  A.  R.  Moore,  however,  who  repeated  these  experi- 
ments' and  confirmed  them,  pointed  out  to  me  that  the  membranes, 
at  any  rate  those  which  were  formed  by  unsensitized  eggs,  were 
certainly  not  true  fertilization  membranes,  for  they  were  permeable 
to  sperm  and,  after  a  considerable  delay,  the  true  fertilization 
membrane  was  -formed  by  sperm  underneath  them.  They  ap- 
peared, therefore,  to  be  formed  by  a  modification  of  the  zona 
pellucida  of  such  a  nature  as  to  render  it  readily  visible,  and  to 
be  analogous  to  the  "Pseudo-membrane"  described  by  Loeb.* 
This  conclusion  received  further  support  from  the  fact  that  the 
eggs  upon  which  these  pseudo-membranes  had  been  formed  did 
not  undergo  cleavage  upon  standing. 

From  numerous  experiments  upon  the  fertilization  of  eggs  by 

'  Employing  sperm,  not  spermaries. 

•  J.  Loeb:  Arch.  /.  d.  ges,  Physiol.,  cxxiv,  p.  48,  1908. 
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sera  I  have  gathered  the  impression  that  the  formation  of  pseudo- 
membrane  is  a  process  closely  connected  with  that  of  true  mem- 
brane-formation.^ Moreover  these  extracts  agglutinated  the  eggs 
and  I  have  found  that  agglutination  frequently  accompanies  fer- 
tilization. It  accordingly  appeared  to  me  quite  possible  that  spenn 
extract  prepared  in  the  above  manner  contained  a  trace  of  the  fer- 
tilizing agent  but  that  some  detail  in  the  method  of  extraction  was 
responsible  for  its  incompleteness. 

In  seeking  for  a  reason  for  my  failure  to  completely  extract 
the  fertilizing  agent  from  sperm  it  occurred  to  me  that'the  fertiliz- 
ing agent  in  blood-sera  is  precipitated  or  at  any  rate  rendered 
sparingly  soluble  by  calcium  salts.*  If,  therefore,  as  seems  very 
probable,  the  fertilizing  agent  in  sperm  is  identical  with  that  which 
is  found  in  blood-sera,  the  presence  of  calcium  salts  in  the  fluid 
employed  to  extract  the  fertilizing  agent  might  be  expected  to 
hinder  or  even  altogether  prevent  the  extraction.  Now  the  sperm, 
in  the  experiments  described  above  and  in  Dr.  Moore's  experi- 
ments, were  suspended  in  sea-water  and  distilled  water  was  added 
to  this  suspension  in  order  to  cytolyze  them,  consequently  the  fluid 
employed  to  extract  the  fertilizing  agent  contained  calcium  salts 
derived  from  sea-water.  It  therefore  appeared  possible  that  the 
associated  sea-water  was  responsible  for  the  failure  to  completely 
extract  the  fertilizing  agent.  This  deduction  I  was  able  to  confirm 
in  the  following  manner: 

A.  The  sperm  of  sixteen  purpuratus  males,  thickly  suspended  in  sea- 
water,  were  dropped  into  100  cc.  of  distilled  water  to  which  had  been  added 
a  few  cubic  centimeters  of  ether.  This  mixture  stood  on  ice  for  two  days  and 
at  room  temperature  for  some  hours,  being  shaken  from  time  to  time.  The 
total  volume  of  the  mixture  was  190  cc.  To  this  were  then  added  18  cc.  of  -^ 
NaCl  and  a  few  more  cubic  centimeters  of  ether.  The  mixture  was  shaken 
well  and  allowed  to  stand  at  room  temperature  for  twelve  hours.  The  mix- 
ture was  then  centrifuged  and  the  supernatant  fluid  filtered.  The  volume  of 
the  filtrate  was  128  cc.  To  this  were  added  64  cc.  of  7  per  cent  BaCli  and  the 
mixture  was  centrifuged.  A  copious  membranous  white  precipitate  settled 
to  the  bottom  of  the  centrifuge  tubes.  This  precipitate  was  drained  thor- 
oughly, then  suspended  in  200  cc.  of  2  per  cent  BaCli  and  centrifuged  again. 

*  Thus  a  sample  of  undiluted  blood  serum,  isotonic  with  sea-water,  which 
faiied  to  fertilize  sea-urchin  eggs  will,  nevertheless,  after  one  to  two  hours, 
frequently  cause  the  appearance  of  '' pseudo-membrane"  upon  the  eggs. 

*  Cf.  T.  Brailsford  Robertson:  This  Journal,  xi,  p.  339,  1912. 
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The  precipitate,  after  draining  thoroughly,  was  stirred  up  rapidly  in  100  cc. 
of  TV  HCl  for  one  hour.  Little  or  none  of  the  precipitate  appeared  to  die- 
solve.  To  this  mixture  was  added  5  cc.  of  10  per  cent  NatS04,  the  mixture 
was  then  centrifuged*and  the  fluid  filtered.  To  the  filtrate,  which  contained 
no  barium,  were  added  400  cc.  of  acetone;  no  precipitate  resulted,  the  mixture 
remaining  perfectly  clear.  On  standing  overnight  a  very  small  trace  of  a 
flocculent  precipitate  settled  out,  which  was  too  small  to  collect. 

From  this  experiment  we  may  condude,  therefore,  that  eefp^waJter, 
even  when  considerably  diluted  with  distilled  water  does  not  extract 
from  sperm  any  appreciable  quantity  of  a  substance  precipitable  by 
barium,  soluble  in  A  HCl  and  precipitable  from  this  soliUion  by  four 
volumes  of  acetone. 

Bi  The  spermaries  of  twenty-four  purpuratus  males  were  cut  up  and  sus- 
pended in  1100  cc.  of  sea-water.  The  thick  suspension  of  sperm  thus  obtained 
was  filtered  through  cheese-cloth  and  then  centrifuged  until  the  sperm  col- 
lected in  the  bottom  of  the  centrifuge  tubes  in  the  form  of  a  thick  cake  which 
could  be  drained  thoroughly  without  loss  of  sperm.  These  were  then  sus- 
pended in  400  cc.  of  J  NaCl  and  left  upon  ice  overnight.  The  following 
morning  this  mixture  was  centrifuged  and  the  supernatant  fluid  was  drained 
off.  The  sperm  were  then  again  suspended  in  400  cc.  of  ^  NaCl,  centrifuged 
and  drained.  They  were  then  suspended  in  400  cc.  of  distilled  water  con- 
taining 5  cc.  of  ether,  shaken  very  thoroughly  and  left  to  stand  at  room  tem- 
perature overnight. 

The  following  day  I  added  to  this  mixture  100  cc.  of  ^j^  NaCl.  The  final 
volume  of  the  mixture  was  625  cc.  I  added  5  cc.  more  of  ether,  shook  well, 
and  allowed  the  mixture  to  stand  at  room  temperature  for  half  an  hour. 
The  mixture  was  then  centrifuged  and  the  supernatant  fluid  filtered.  The 
very  opalescent  filtrate  measured  390  cc.  To  this  I  added  200  cc.  of  7  per 
cent  BaCli.  No  precipitate  resulted,  but  the  opalescence  of  the  mixture 
was  markedly  increased.  I  then  placed  the  mixture  in  an  incubator  and 
heated  it  to  50*  to  55*C.  for  one  and  one-half  hours  at  the  end  of  which  time 
a  copious  flocculent  prec  Ipitate  had  formed.  The  mixture  was  now  allowed 
to  stand  on  ice  overnight. 

The  following  day  the  mixture  was  centrifuged.  The  precipitate  was 
suspended  in  200  cc.  of  2  per  cent  BaCli  and  again  centrifuged.  This  wash- 
ing was  repeated.  The  mixture  was  then  suspended  in  100  cc.  of  ^  HCl. 
The  greater  part  of  the  precipitate  appeared  to  be  coagulated  or  curdled 
by  the  acid.  The  mixture  was  stirred  for  one  hour,  10  cc.  of  10  per  cent  NatS04 
were  added,  the  mixture  was  allowed  to  stand  on  ice  overnight,  and  then 
filtered.  To  the  clear  white  filtrate  which  was  freed  from  barium,  I  added 
four  volumes  of  acetone.  A  very  coneiderabU  flocculent  white  precipitate  at 
once  came  down.  This  precipitate  was  collected  on  a  hardened  filter,  washed 
in  500  cc.  of  alcohol  in  several  portions,  and  in  100  cc.  of  ether  and  dried 
over  HtSO«  at  37*C.  overnight. 
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The  residual  portion  of  the  barium  precipitate  which  was  insoluble  in 
dilute  acid,  was  very  considerable  in  amount.  Without  washing,  I  allowed 
it  to  drain  thoroughly  and  then  scraped  it  off  the  filter-paper,  suspended  it 
in  100  cc.  of  y^  KOH,  and  shook  the  mixture  thoroughly.  After  allowing 
the  mixture  to  stand  for  three  hours  I  centrifuged  it  and  filtered  the  super- 
natant fluid.  Only  a  very  small  residue  remained,  obviously  BafS04,  and 
the  filtrate  was  opalescent  and  yellowish  in  color.  To  this  I  added  four 
volumes  of  acetone.  A  heavy,  yellowish,  coagulum-like  precipitate  formed 
at  once,  which  rolled  up  into  one  lump  on  gently  shaking  the  vessel,  like 
gluten  or  freshly-precipitated  rubber.  This  was  collected  upon  a  hardened 
filter,  washed  with  alcohol  and  ether  and  dried  over  HsSOi  at  37**  overnight . 

From  this  experiment  we  may  condudey  therefore^  that  dilvie  NaCl 
soltUian  which  is  not  cantaminaied  by  sea-water  will  extract  from  sperm 
two  substances  which  are  predpitable  by  BaCU  and  by  acetone,  the  one 
being  soluble  in  tt  HCl,  the  other  insolvble  in  -^  HCl  but  soliMe  in 
ft  KOH. 

The  following  day  the  acid-soluble  substance  was  found  to  have 
dried  in  friable  white  flakes  which  were  readily  pulverized,  190 
mgms.  of  this  substance  being  obtained.  The  alkali-soluble  sub- 
stance had  dried  in  a  homy,  brownish  cake  which  was  pulverized 
with  difficulty;  this  product  weighed  320  mgms. 

After  thorough  pulverization  the  powders  were  spread  out  in 
thin  layers  over  HsS04  at  37®  and  dried  for  a  week.  I  have  re- 
peatedly found  that  dry  pulverized  proteins,  prepared  by  washing 
in  alcohol  and  ether,  and  spread  out  in  thin  layers  over  HsSO«  at 
37®  lose  weight  slightly  for  twenty-four  hours  and  after  forty-eight 
hours  contain  no  trace  of  ether  or  alcohol.  The  products  were 
therefore  certainly  free  from  these  reagents.  Careful  flame-tests, 
both  before  and  after  moistening  with  nitric  acid,  failed  to  reveal 
the  presence  of  the  slightest  trace  of  barium  in  either  of  them. 

Thirty-eight  milligrams  of  each  of  these  substances  were  dissolved,  the 
acid-soluble  substance  in  6.5  cc.  of  ?  HCl,  and  the  alkali-soluble  substance 
in  6.5  cc.  of  NaOH.  The  acid-soluble  substance  dissolved  readily  and  com- 
pletely, the  alkali-soluble  substance  slowly  and  incompletely.  Both  solu- 
tions were  neutralised,  the  one  by  the  addition  of  6.5  cc.  of  J  NaOH  and  the 
other  by  the  addition  of  6.5  cc.  of  ^  HCl.  Both  solutions,  after  neutraliza- 
tion, were  somewhat  opalescent.  Both  solutions  were  rendered  isotonic 
with  sea-water  by  the  addition  of  2  cc.  of  "^j^  NaCI  and  were  then  diluted  to 
one,  one-half,  one-fourth,  and  so  forth,  by  successive  additions  of  filtered 
sea-water,  forming  solutions  containing  one  part  of  the  substance  to  400, 
800,  1600,  and  so  forth,  of  solvent. 
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The  add-aoluble  substance. 


pmoposnoN  or 

SUBSTANCE  IN 


1:400 


1:800 


1:1600 


1:3200 


BrrSCT  ON  SGOS  NOT  PBS- 
VIOUSLT  TRBATKO 


£  g  g  s  agglutinated' 
within  one  minute. 
After  two  hours  clear 
hyaline  "pseudo- 
membrane"'  with 
very  indistinct  out- 
lines surrounded  each 
egg.  These  were  at 
once  penetrated  by 
sperm  but  the  under- 
lying eggs  were  not 
fertilizable  by  sperm. 

£gS8  agglutinated.  No 
other  effect  in  two 
hours. 


Slight  agglutination. 
No  other  effect  in  two 
hours. 


No  effect  after  two 
hours.  Then  treated 
with  sperm  the  eggs 
formed  fertilization 
membranes  after  a 
very  noticeable  delay 
(four  to  five  minutes). 


KrPBCT  ON  BOOS  PKBTIOI7SLT  TRKAIEO 

wrraSrCla 


Eggs  agglutinated*  within  one  min- 
ute. Blisters  formed  on  a  number 
in  twenty  minutes.  100  per  cent 
distinct  but  very  narrow  mem- 
branes in  two  hours. 


Eggs  agglutinated.  In  forty  min- 
utes irregular  cloudy  membranes 
on  50  per  cent  and  cytolysis  pro- 
ceeding in  these.  In  two  hours 
100  per  cent  membranes  and  a  few 
cytolyzed. 

Eggs  agglutinated.  In  twenty  min- 
utes discrete  blisters  upon  the  sur- 
faces of  some  of  the  eggs.  In 
thirty  minutes  some  have  large 
blisters  and  many  have  distinct 
membranes.  In  fifty  minutes  50 
per  cent  have  complete  membranes 
and  cytolysis  is  indicated  by  gran- 
ular matter  contained  in  all  of 
these  membranes.  In  one  hour 
100  per  cent  have  membranes, 
many  of  them  being  clear  and  hya- 
line, others  cloudy.  In  two  hours 
a  few  per  cent  have  been  cytolyzed 
into  "shadows." 

Very  slight  agglutination.  In  forty 
minutes  50  per  cent  have  mem- 
branes, slight  cytolysis  in  all  of 
these.  In  one  hour  100  per  cen* 
had  membranes.  These  mem- 
branes were  then  tested  and  found 
to  be  impermeable  to  sperm. 


*Tbat  is,  dotted,  or  atuck  tocethsr  In  clumps.    Cf.  T.  BrslUford  Robertson,  loc.  eit. 
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The  acid-soluble  substance — continued. 


PBOPORTION  OF 

mnwct  ON  K008  hot  pbs- 

SrFSCT  ON  XOOS  PHBTIOUBLT  TEBATBD 

TIOUBLT  TBBATBD 

1:6400 

No  effect  after  two 

No  agglutination.    In  forty  minutes 

hours. 

18  per  cent  of  cloudy  membranes. 
In  two  hours  over  80  per  cent  had 
membranes  and  some  of  these  were 
beginning  to  cjrtolyae,  about  5  per 
cent  were  cytoiysed  into  "shad- 

1:12,800 

No  effect  after  two 

ows. 
In    forty    minutes    many    serrated 

hours. 

membranes  or  membranes  in  the 
blister  stage.    In  these  latter  the 
membranes  were  hyaline,  but  as 
soon  as  they  became  complete  an 
influx  of  granular  material  was 
received  from  the  egg,  rendering 
the   membrane   slightly   opaque. 
In  two  hours  6  per  cent  converted 
into  ''shadows"  and  over  50  per 

cent  had  membranes. 

The  atkali-soluble  substance. 


PBOPOBTION  or 
8UB8TANCE  IN 


BrpBCT  ON  maoB  not  pbk- 

VIOU8LT  TXBATIO 


KPPBCT  ON  BOOS  PBBVIOU8LT  TBBATBD 

wiTHSrClt 


1:400 
1:800 


1:1600 
1:3200 
1:6400 


1:12,800 


No  effect  in  two  hours. 
No  effect  in  two  hours. 


No  effect  in  two  hours. 
No  effect  in  two  hours. 
No  effect  in  two  hours. 


No  effect  in  two  hours. 


No  effect  in  two  hours. 

A  few  eggs  have  small  blisters  in  two 

hours,  none  have  membranes  and 

none  are  cytolysed. 
No  effect  in  two  hours. 
No  effect  in  two  hours. 
No  effect  in  one  hour.    In  two  hours 

1  or  2  per  cent  have  membranes 

and  these  eggs  are  in  some  cases 

cytolyced. 
No  effect  in  one  hour.    In  two  hours 

1  or  2  per  cent  have  membranes 

and  these  eggs  are  in  some  cases 

cytolyaed. 
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To  2  cc.  of  each  of  these  mixtures  were  added  two  drops  (A)  of  the  ripe 
eggs  of  StrongyloeerUrotua  purpuratus,  which  had  not  undergone  previous 
treatment  of  any  kind  save  that  of  washing  in  sea-water  or  (B)  of  the  eggs  of 
the  same  female  which  had  been  previously  treated  by  four  minutes'  immer- 
sion in  ?j^  SrClt.    The  results  obtained  are  tabulated  on  pp.  7  and  8. 

Eggs  of  the  same  female  sensitized  by  four  minutes'  unmersion 
in  nr  SrCU  and  then  dropped  into  sea-water  (two  drops  to  2  ec.) 
were  unaffected  after  two  hours. 

The  strontium  chloride  introduced  with  the  eggs  precipitated 
both  substances  and  the  eggs  were,  especially  in  the  stronger  solu- 
tion, surrounded  by  particles  of  precipitate  which,  however,  was 
not  sufficiently  dense  in  any  case  to  hide  the  periphery  of  the  eggs 
from  view. 

We  see,  therefore,  that  the  acidnsoluble  substance  is  a  powerful 
fertilizing,  agglutinating,  and  cytolyzing  agent,  whereas  the  alkali- 
soluble  substance  is  devoid  of  any  action  which  is  not  obviously 
attributable  to  slight  contamination  with  the  acid-soluble  substance. 
This  fact  proves,  if  further  proof  were  necessary,  that  the  observed 
action  of  the  acid-soluble  substance  is  not  due  to  contamination  of 
the  substance  with  the  reagents  employed  to  isolate  it,  for  the 
treatment  accorded  to  the  two  substances  differed  only  in  this: 
that  the  one  was  dissolved  in  acid,  while  the  other  was  dissolved  in 
alkali. 

As  I  have  mentioned,  the  "pseudo-membrane"  whi6h  were 
formed  by  my  first  sperm-extract,  differed  from  true  fertilization- 
membranes  not  only  in  being  permeable  to  sperm  but  in  the  fact 
that  their  formation  did  not  lead  to  cleavage  of  the  egg.  It 
appeared  very  desirable,  therefore,  to  ascertam  whether  or  not 
the  membranes  formed  by  the  action  of  the  new  sperm-extract  led 
to  cleavage  of  the  egg.  Accordingly  15  mgms.  of  the  acid-soluble 
substance  were  dissolved  in  3  cc.  of  {  HCl,  the  solution  was  neu- 
tralized by  the  addition  of  3  cc.  of  f  NaOH  and  rendered  isotonic 
with  sea-water  by  the  addition  of  0.9  cc.  of  nr  NaCl.  This  mix- 
ture was  then  diluted  to  50  cc.  by  the  addition  of  filtered  sea-water. 
The  eggs  of  a  purpuratus  female  were  inmiersed  for  four  minutes  in 
r-  SrClf  and  then  transferred  to  this  mixture.  The  eggs  were 
speedily  and  nuirkedly  agglutinated  and  in  twenty-five  minutes 
about  10  per  cent  had  cloudy  membranes.  In  forty  minutes  80 
per  cent  had  membranes,  and  many  of  these  were  clear  and  hya- 
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line.  The  eggs  were  then  transferred  to  50  ec.  of  normal  sea-water 
and  left  therein  for  ten  minutes.  One  sample  was  then  trans- 
ferred to  fresh  sea-water  (50  cc.)  and  the  remainder  to  hypertonic 
sea-water  (50  cc.  sea-water  +  8  cc.  of  nr  NaCl).  The  immediate 
effect  of  the  hyi)ertonic  sea-water  was  to  de-agglutinate  the  eggs. 
After  forty,  fifty,  and  sixty  minutes,  respectively,  samples  of  the 
eggs  were  transferred  from  the  hypertonic  sea-water  to  normal 
sea-water  (50  cc).  They  were  then  left  in  shallow  vessels  at  room 
temperature  overnight.  After  twenty-four  hours  it  was  found 
that,  in  all  cases,  both  with  and  without  treatment  with  hjrpertonic 
sea-water,  about  50  per  cent  of  the  eggs  had  undergone  division, 
and  these  were  in  every  stage  of  division  from  the  2-  to  the  64-celI 
stage.  Division  had,  however,  proceeded  very  irregularly  and 
was  accompanied  by  cytolysis  which  was  most  marked  in  the  eggs 
which  had  not  been  treated  with  h3rpertonic  sea-water.  A  further 
lapse  of  twenty-four  hours  only  resulted  in  more  extreme  cytolysis. 
The  substance,  therefore,  is  markedly  poisonous  for  the  eggs,  in 
which  respect  its  action  strongly  resembles  that  of  saponin.^ 

The  reasons  for  the  failure  of  previous  observers  to  extract 
the  fertilizing  agent  from  sperm  are  now  clear.  It  is  evident  that 
it  is  necessary  to  wash  the  sperm  free  from  sea-water  before  com- 
plete extraction  is  possible,  and  moreover,  in  order  to  obtain  the 
most  intense  action  it  is  necessary  to  supply  not  only  the  fertilizing 
but  also  the  motile  function  of  the  sperm,*  by  carrying  over  the 
fertilizing  agent  into  the  egg  through  impregnation  of  the  egg  with 
a  substance  (SrCU)  which  forms  an  insoluble  compound  \^ith  it 
and  thus  precipitates  it  upon  the  egg  much  as  a  mordant  precipi- 
tates a  dye  upon  a  textile  fabric. 

We  have  seen  that  the  fertilizing  agent  in  sperm  is  precipitable 
by  barium,  strontium,  and  acetone,  and  is  soluble  in  dilute  acids. 
I  have  also  found  that  it  is  thermostable,  resisting  an  hour's  expo- 
sure to  55**C.  I  have  previously  shown*  that  the  fertilizing  agent 
in  blood-sera  is  precipitable  by  barium,  strontium,  and  acetone 
and  is  soluble  in  dilute  acids.     Loeb  has  shown,^**  and  I  haye  con- 

^  Cf .  J.  Loeb :  Die  chemische  ErUmcklung  des  tierschen  Eies,  Berlin,  1909, 
p.  134. 
•  J.  Loeb:  loc.  cit,,  p.  185. 
•T.  Brailsford  Robertson:  loc,  cit, 
»«  J.  Loeb:  loc,  cit,,  p.  187. 
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finned  the  fact,  that  it  is  thermostable.  There  appears  strong 
reason  to  believe,  therefore,  that  the  fertilizing  agent  in  blood-sera 
is  identical  with  the  fertilizing  agent  in  sperm. 

CONCLUSIONS. 

From. the  spermatozoa  of  Strongylocenirotus  purpuratus  (care- 
fully freed  from  sea-water  by  washing  them  with  isotonic  NaCl 
solution)  two  substances  can  be  extracted  by  strongly  hypotonic 
salt  solutions  containing  ether  which  are  precipitable  by  barium. 
The  one  is  soluble  in  dilute  acid,  the  other  is  insoluble  in  dilute 
acid  but  soluble  in  dilute  alkali.  Both  are  precipitable  by  acetone. 
The  acid-soluble  substance  acts  as  a  powerful  fertilizing,  agglutin- 
ating, and  cytolyzing  agent  upon  the  eggs  of  Strongylocentrotus 
purpuraiUB.  The  alkali-soluble  substance  appears  to  be  devoid  of 
action. 

There  is  strong  reason  for  believing  that  the  fertilizing  agent  in 
spermatozoa  is  identical  with  the  fertilizing  agent  (oocytase)  in 
blood-sera.  • 
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STUDIES  IN  BACTERIAL  METABOLISM.    L 

By  ARTHUR  I.  KENDALL  and  CHESTER  J.  FARMER. 

{Prom  the  Labaratoriea  of  Biological  Cftemisiry  and  Preventive  Medicine  and 
Hygiene,  Harvard  Medical  School,) 

(Received  for  publicatioiii  April  12,  1912.) 

A  very  fundamental  and  general  principle  of  bacterial  metabo- 
lism may  be  expressed  concisely  by  stating  that "  fermentation  takes 
precedence  over  putrefaction. "  That  is  to  say,  bacteria  in  general 
which  can  utilize  both  carbohydrate  and  protein,  act  upon  the 
former  in  preference  to  the  latter  when  both  are  present  in  the  same 
mediiun.  Bacteria  in  common  with  all  known  living  things  need 
nitrogen  to  build  up  their  bodies;  it  is  self-evident,  therefore,  that 
even  when  carbohydrate  is  being  fermented,  enough  protein  must 
be  broken  down  to  satisfy  their  nitrogen  requirements. 

The  formulation  of  this  principle,  together  with  the  salient  facts 
of  the  evidence  upon  which  it  was  based,  have  been  discussed  in 
detail  in  previous  communications  by  one  of  us  (A.  I.  K.)*  and  will 
not  be  referred  to  here  other  than  to  state  that  this  evidence, 
although  well  grounded  and  definite,  is  for  the  most  part  qualitative 
only.  It  is  the  purpose  of  this  paper  to  present  comparative  quan- 
titative data  which  shall  indicate  the  extent,  and  in  a  measure,  the 
nature  of  this  sparing  action  of  carbohydrate  for  protein  in  arti- 
ficial media  as  it  is  observed  in  certain  important  types  of  organisms 
of  the  intestinal  group. 

Throughout  this  work,  ammonia  formation  has  been  followed  as 
an  index  for  determining  the  rate,  and  to  a  degree,  the  extent  of 
protein  catabolism  by  these  bacteria.  In  addition  to  anmionia 
formation  the  rate  and  change  of  reaction  of  the  media  in  terms  of 
standard  acid  and  alkali  has  also  been  determined,  to  throw  addi- 
tional light  upon  the  mechanism  of  the  decomposition  of  carbohy- 
drate and  protein  respectively  during  the  course  of  the  experiments. 

*  For  literature,  see  Kendall:  Journ.  of  Med.  Res,,  xxv,  p.  117,  1911. 
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The  formol  titration  has  also  been  followed  throughout  this  work, 
but  the  results  furnished  no  additional  evidence  which  could  be 
interpreted  in  the  light  of  our  present  knowledge. 

Methods.  Preparation  of  media.  Nutrient,  sugar-free  meat- 
juice  bouillon  prepared  in  the  usual  manner  was  used  in  these  exper- 
iments. The  preparation,  adjustment  of  reaction  and  steriliza- 
tion were  carried  out  simultaneously  on  the  entire  amount  of  media 
necessary  for  one  series  of  experiments.  One  per  cent  of  Kahl- 
baum's  C.  P.  dextrose  was  added  to  one-half  of  it;  the  media  was 
then  distributed  in  200  cc.  Erlenmeyer  flasks,  75  cc.  per  flask,  and 
the  entire  batch  sterilized  in  the  autoclave  at  the  same  time.  The 
results,  therefore,  are  strictly  comparable. 

Organisms  studied.  B.  dy^enteriae  (Shiga),  typhosus,  paraty- 
phoid jS,  coli  and  proteus. 

Total  nitrogen.  A  suSicient  number  of  total  nitrogen  determina- 
tions both  in  uninoculated  and  inoculated  media  were  made  to 
demonstrate  the  fact  that  nitrogen  was  neither  gained  nor  lost  dur- 
ing the  course  of  the  experiments. 

Ammonia  determination.  Free  ammonia  was  determined  by  a 
modification  of  the  well-known  Folin  air-current  method.* 

Determination  of  reaction  of  the  media.  It  is  commonly  stated 
that  the  reaction  of  media  in  which  carbohydrate  is  being  fermented 
becomes  progressively  acid:  conversely,  media  containing  only  pro- 
tein, or  protein  derivatives,  becomes  progressively  alkaline.  The 
amount  and  formation  of  acid  and  alkali  respectively  was  recorded 
in  terms  of  normal  acid  and  alkali,  using  neutral  red  as  an  indicator. 
Neutral  red  was  selected  in  preference  to  those  indicators  hitherto 
commonly  used  for  this  purpose,  because  it  reacts  sharply  with  both 
weak  acids  and  weak  bases  at  a  point  closely  approximating  abso- 
lute neutrality. 

Inocvlaiion  of  media.  All  cultures  were  tested  for  purity,  reju- 
venated by  three  successive  daily  transfers  in  sugar-free  broth, 
and  inoculated  into  the  media  with  customary  precautions.  A 
series  of  flasks  consisting  of  the  sugar  and  sugar-free  broths  respec- 
tively, were  inoculated  simultaneously  with  each  culture.  These 
cultures  were  incubated  at  37®C.    At  stated  intervals  one  sugar 

•This  JoumoZ,  xi,  p.  523,  1912. 
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and  one  sugar-free  flask  of  this  series  were  examined  according  to 
the  procedures  outlined  above. 

Duplicate  determinations  of  free  ammonia  were  made  on  every 
culture;  the  greatest  discrepancy  amounts  to  0.35  mgm.  of  nitrogen 
per  100  cc.  of  culture.  Similarly,  the  determination  of  reaction  is 
accurate  within  0.25  cc.  normal  acid  or  alkali  per  100  cc.  culture. 

The  conditions  of  the  experiments  are  purp)osely  most  favorable 
for  putrefaction;  the  relatively  large,  free  surface  of  the  culture 
medium  in  contact  with  the  air  furnishes  potentially  the  oxygen 
necessary  for  these  organisms,  both  in  sugar  and  sugar-free  media. 
The  results  are  consequently  more  significant  than  would  have  been 
the  case  if  the  cultures  in  sugar-containing  media  were  grown 
anaerobically  to  force  the  bacteria  to  ferment  carbohydrate  for 
their  oxygen  supply,  as  is  the  case  in  the  closed  arm  of  the  fermen- 
tation tube  where  such  observations  are  ordinarily  made. 

The  following  tables  show  the  results  of  these  experiments. 
The  figures  for  ammonia  are  expressed  as  milligrams  of  nitrogen 
per  100  cc.  of  culture.  The  changes  in  reaction  are  Ukewise  ex- 
pressed in  cubic  centimeters  of  normal  acid  or  alkali  per  100  cc. 
of  culture  in  their  respective  media. 


TABLE  I. 
Broth  A:  100  cc.  contains  S96  rngms*  toted  nitrogen. 


Control . 


B.  coli. 


B.  proteus  III. 


1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 


PLAIN  BBOTH 


FreeNHtas 
mlUlgrams  Ns 
per  100  CO.      i 


54.60 

59.50 
61.60 
68.60 
74.90 
72.60 
74.20 

59.85 

64.05 

102.20 

107.80 

117.60 


Ammonia  N 
Total  N 


percent 

13.83 

15.06 
15.60 
17.37 
18.96 
18.40 
18.84 

15.11 
16.23 
25.87 
27.31 
29.78 


DEXTROSE  BROTH 


J!nr™Si  N.  i   Ammonia  N 
p«rlOOcc.         ^TotalN 


53.20 

54.25 
55.30 
56.00 
56.00 
57.40 
57.40 

54.60 
56.00 
57.40 
58.80 
57.05 


percent 

13.51 

13.78 
14.05 
14.17 
14.17 
14.54 
14.54 

13.82 
14.^17 
14.*54 
14.88 
14.45 
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TABLE  II. 
Broth  B:  100  ee,  cotUaiiu  £4^  mgma,  total  nitrogen. 


Control . 


Proteus  II . 


B.  coli. 


Proteus  III. 


Parat3rphoid  fi. 


Shiga. 


Typhoid. 


1 
2 
4 
6 
8 

1 
2 
4 
6 
8 

1 
2 
4 
6 
8 

1 
2 
3 
7 
9 
11 

1 
2 
3 
7 
9 
11 

1 
2 
3 
7 
9 
11 


PLAIN  BHOTB 


8£ 


in 


< 


piroeni 
8.40    3.47 

12.95  5.36 
15.05  6.21 
59.15!  24.50 
64.05  26.50 
66.60  27.48 


piTMnl 

OM    8.40|  3.47 


-0.75 
-0.75 
-2.25 
-3.25 
-3.00 


6.33-0.75 
6.921-0.75 
-1.25 


15.40 
16.80 

21.70    8,97' 
24.50  10.12-1.75 
79.m  10.21-3.50 


20 
00 
00 
90, 
80| 

80 
15 
901 
40! 
60 

■1 

40 
7^ 
1(^ 
80, 

90, 

40 
10 
10 
55 
20 
40' 


4. 

5.79 
11.57 
19.40 
30.10 

4.05 
4.20 
4.92 
6.36 
7.24 
7.24 


3.47 
3.62 


-0.60 
-0.75 
-1.25 
-1.75 
-3.50 

-0.25 
-0.60 
-0.75 
-0.60 
-0.75 
-1.25 


+0.25 
+0.25 
3.761+0.25 
4.05+0.25 
4.63|*0.00 
4.92*0.00 

3.47i*0.00 
3.76-0.60 
3.7^'-0.75 
4.771-0.60 
5.60I-O.75 
6.36-1.25 


DBxnuwsBBora 


10.15  4.20 
11.55:  4.77 
11.55'  4.77 
10.60  4.34 
10.60,  4.34 

7.70  3.18 
11.65i  4.77 
7.70;  3.18 
S.40\  3.47 
9.10  3.76 


0.00 

+2.00 
+3.25 
+3.50 
+3.60 
+3.60 

+2.25 
+3.25 
+3.50 
+3.60 
+4.00 


10.15 
9.80 
9.45 
9.80 

10.60 

9.10 
8.06 
8.40 
9.80 
9.46 
9.10 


4.20  +1.75 

4.05  +3.00 

3.90  +3.25 

4.05  +3.25 

4.20  +3.75 


3.76 
3.31 
3.47 
4.06 
3.90 
3.76 


8.05  3.31 
8.75  3.62 
9.10'  3.76 
9.10  3.76 
9.46  3.90 
9.80  4.06 

i 
9.8O;  4.05 
8.40  3.47 
9.10  3.76 
10.15'  4.20 
9.80  4.05 
9.8O!  4.06 


+2.25 
+3.0b 
+3.00 
+3.25 
+3.25 
+3.00 

+1.75 
+1.75 
+2.00 
+2.25 
+2.50 
+2.50 

+1.75 
+2.00 
+2.25 
+2.25 
+2.50 
+2.60 
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A  noteworthy  feature  is  clearly  brought  out  in  this  first  series 
of  experiments.  Notwithstanding  the  fact  that  the  anunonia  pro- 
duction in  sugar  media  is  noticeably  less  than  that  in  sugar-free 
media,  the  growths  obtained  in  sugar  media  were  decidedly  more 
vigorous  and  extensive.  The  rapid  increase  in  acid  formation  dur- 
ing the  first  twenty-four  hours  of  growth  is  an  index  of  the  rapid 
fermentation  of  dextrose.  This  emphasizes  the  sparing  action 
which  dextrose  exerts  for  protein  in  these  artificial  media. 

CONCLUSIONS. 

These  experiments  show  the  extent,  and  in  a  measure,  the  nature 
of  the  sparing  action  which  dextrose  exerts  for  protein  in  ordinary 
media  for  the  organisms  mentioned  above. 

It  is  interesting  to  note  that  the  more  pathogenic  bacteria  exhibit 
less  proteolytic  activity  measured  in  terms  of  anunonia  production 
and  alkali  formation  than  the  more  saphrophytic  organisms. 

We  wish  to  express  our  indebtedness  to  Professor  Folin  for  his 
opportune  advice  and  criticism  and  to  Professor  Theobald  Smith 
for  cultures. 
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By  ARTHUR  I.  KENDALL  and  CHESTER  J.  FARMER. 

{From  the  Labaratoriea  of  Biologieal  Chemiatry  and  Preveniive  Medicine 
and  Hygiene,  Harvard  Medical  School.) 

(Received  for  publioatioiiy  April  12, 1012.) 

In  the  previous  communication,  the  sparing  action  which  dex- 
trose exerts  for  protein  in  artificial  media  was  shown  quantitatively 
for  a  limited  number  of  bacteria.  It  is  the  purpose  of  this  paper 
to  present  additional  evidence  in  support  of  this  hypothesis.  For 
the  sake  of  clearness,  the  organisms  discussed  here  will  be  considered 
separately,  since  the  "growth  curve"  of  each  bacterium  illus- 
trates a  special  feature  in  the  mechanism  of  this  sparing  action 
of  carbohydrate  for  protein. 

Spirillum  of  Asiatic  cholera.  The  cholera  vibrio  studied  was 
obtained  from  a  case  of  Asiatic  cholera  which  developed  in  Boston 
last  summer.  The  organism  was  typical  in  every  respect,  and 
agglutinated  promptly  with  a  specific  serum  of  known  and  high 
potency.  The  imusually  marked  proteolytic  powers  of  this  organ- 
ism distinguish  it  sharply  from  the  relatively  slight  proteolytic 
activities  of  the  pathogenic  bacteria  described  previously.  The 
cholera  organisms  are  noted  for  their  ability  to  breakdown  protein, 
however,  so  that  this  observation  is  wholly  in  harmony  with  previous 
observations  quaUtatively,  and  illustrates  the  rapidity  with  which 
this  proteolytic  process  proceeds.  The  mere  trace  of  ammonia  in 
the  corresponding  cultures  containing  dextrose  is  a  striking  example 
of  the  extent  of  the  sparing  action  of  dextrose  for  protein. 

The  cultures  designated  as  '*Pearce  Farm"  and  ''Arkansas''  are, 
respectively,  a  non-virulent  and  a  virulent  culture  of  the  hog- 
cholera  bacillus.  Professor  Theobald  Smith  suggested  that  their 
proteolytic  activities  be  compared.  The  results  show  clearly  that 
the  "Pearce  Farm"  culture  (the  non-virulent  one)  is  more  active 
proteolytically  than  the  virulent  one.    This  difference  in  proteo- 
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lytic  activity  is  not  wholly  a  matter  of  difference  in  intensity  of 
growth,  as  is  shown  by  the  respective  amounts  of  acid  and  alkali 
formation  in  the  different  media.  The  "growth  curve"  of  the 
virulent  strain  approaches  closely  that  of  the  other  pathogenic 
bacteria  described  above,  and  in  a  previous  communication. 

The  "  growth  curve  "  of  the  Flexner  type  of  the  dysentery  bacillus 
agrees  essentially  with  that  of  the  Shiga  type  described  previously, 
and  needs  no  further  comment. 

H-61  is  a  comma-shaped  vibrio,  actively  motile,  and  suggesting 
morphologically  the  Asiatic  cholera  vibrio.  It  differs  in  that  it 
ferments  no  sugars  and  does  not  liquefy  gelatin.  The  specific  name 
for  this  vibrio  is  unknown.  The  organism  is  noteworthy  because 
it  appears  to  actually  assimilate  ammonia  from  the  culture  medium, 
particularly  during  the  first  few  days  of  growth.  This  phenomenon 
of  ammonia  assimilation,  although  most  clearly  shown  in  H~61,  is  in 
reality  seen  in  several  of  the  pathogenic  bacteria  described  already. 
The  exact  explanation  of  this  disappearance  of  ammonia  from  cul- 
ture media  during  the  early  stages  of  bacterial  growth,  and  which 
we  have  provisionally  designated  as  the ''  negative  ammonia  phase, " 
is  not  apparent  at  the  present  time;  experiments  are  in  progress  to 
elucidate  this  point. 

BaciUua  pyocyaneu^  does  not  utilize  sugar,  at  least  in  appreciable 
quantities,  yet  the  presence  of  dextrose  and  abundant  oxygen  does 
result  in  a  slight  and  temporary  restraint  of  its  proteolytic  powers. 
This  organism,  in  contrast  to  H-61,  which  also  does  not  utilize  dex- 
trose, produces  a  very  large  amount  of  free  ammonia  in  a  very 
short  time,  both  in  media  with  and  without  dextrose. 

The  accompanying  table  brings  out  the  salient  points  of  the 
above  discussion. 
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TABLE  1. 
Broth  C:  100  ec.  contains  SSSjngnu,  total  nitrogen. 


Control. 


Pearce  farm  (hog  cholera, 
a    virulent) 


Arkansas  (hog  cholera,  vir- 
ulent)   


Tjrphoid. 


H-«l. 


Cholera  "Boston" 


Flexner. 


PyocyaneuB. 


1 
3 
5 
7 
9 

1 
3 
5 
7 
9 

1 
3 
5 
7 
9 

1 
3 
5 
7 
9 

1 
3 
5 
7 
9 

1 
3 
5 
7 
9 


PLAIN  BBOTH 


2 


6.20-1-0.25 


1  17.16  6.10 

3  19.26  6.73 

6  i  26.60  7.90 

7  I  31.60*  9.40 
9  36.00;  10.40 


17.16 
19.60* 
20.30 
21.7rt 
23.46 

17.16 


19.60 

26.26 

12.60 
14.70 
16.80 
14.00 
17.60 


6.10 
6.80 
6.06 
6.46 
7.00 

6.10 
6.80 


8  8 
8 


DBXTBOSB  BROTH 


17.60    6.20+0.26 


0.00  17.16 
-2.26  16.80 
-2.26'  14.00 


-2.76 

-3.26 

1 

-0.26 
-2.60! 
-2.76J 
-2.76' 


-2.76 


14.00 
14.00 

16.80 
16.46 
14.00 
16.80 
17.16 


-0.36+2 
-0.70+2 
-3.60+2 
-3.601+2 
-3.60+2 


*.^8 
8  8 


00 
.76 
.76 
76 
76 


7.80|  I  14.00 


3.76 
4.37| 
bm 
4.17! 
6.20' 


-1.26 
-2.25 
-2.75' 
-2.26' 
-3.75, 


-0.70+1.25 
-1.06+2.25 
-3.60|+2.25 
-0.7ol+2.26 
-0.36 


+2.75 
16.801-0. 7(>+l. 76 

14.001-3.60+2.00 


13.30 
14.00 
14.00 
14.70 
16.80 


17.15    5.10-1.60  17.86 

66.00  16.70-1.75  16.80 

84.70  25.20-3.60  17.15 

71.75  21.30-3.60  14.70 


71.75|  21.30-3.60 


I  16.46 
,  16.80' 
i  19.95 
;  17.86i 
20.55| 

]  32.55 

68.96  20.50' 

I  68.46!  17.40 

66. 7(^  16.90 


4.90=- 
5.0ri- 
6.9!^- 
5.30- 
6.10- 


:0.00 

•0.50 
0.75 
1.25 

•1.50 


9.70-3.25 

J 


3.75 

4.25 

54. 60;  16.251-4.25: 


r;L 


I 


17.15 

16.80 
17.45 
16.80 
14.70 
15.40 

20.75 
37.45 
51.10 
61.60 
62. 3C 


-3.60+2.26 

3.96.-1.26 
4.171-2.26 
4.171-2.60 
4.37-2.26 
6.00-3.00 

6.3O-0.60 

5.00+1.00 

5.10|+1.26 

+4.26 

+4.75 


4.37 
6.10 


6.00+0.75 
6.2D+1.25 
6.00+1.50 
4.30+1.75 
4.58|+1.75 

6.16-2.60 
11.15 

15.21-3.25 
18.35-3.75 
18. 6C -4.00 
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THE  HTDROLTSIS  OP  CASEIN,  AND  A  RAPID  METHOD 
OF  DETERMINING  THE  RELATIVE  ACTIVITT  OP 
TRYPSIN  SOLUTIONS. 

By  T.  BRAILSFOED  ROBERTSON. 

iFram  the  Rudolph  SpreekeU  Physiologioal  Laboratory  of  the  University  of 

California.) 

(Received  for  publication,  April  13,  1012.) 

I  have  observed  that  the  refractivity  of  a  solution  of  sodium 
caaeinate  (containing  80  X  lO'*  equivalents  of  sodium  per  gram 
of  casein)  b  unaltered,  within  the  limits  of  the  accuracy  of  the 
determination,  by  digestion  with  trypsin.  This  fact  suggested 
a  rapid  and  simple  method  of  determining  from  time  to  time  the 
extent  of  digestion  in  a  caseinate  solution  containing  trypsin, 
namely  that  of  precipitating  the  undigested  casein  by  a  known 
volume  and  concentration  of  acetic  acid,  filtering  ofif  the  precipi- 
tate and  measuring  the  refractive  index  of  the  filtrate,  which 
contains  the  products  of  digestion. 

In  the  experiments  reported  below  I  have  employed  a  2  per  cent 
solution  of  sodium  caseinate,  neutral  to  phenolphthalein  (  =  16  cc. 
of  TT  NaOH  diluted  to  100  cc.  and  2  grams  of  casein  dissolved 
therein),  as  a  standard.  To  portions  of  this  solution  were  added 
varying  amounts  of  Gruebler's  trypsin  puriss,  sice,  and  from  time 
to  time  10  cc.  samples  of  these  mixtures  were  taken,  and  the  pro- 
portion of  the  casein  which  had  been  digested  was  measured  by 
the  method  outlined.  Preliminary  experiments  showed  me,  how- 
ever, that  it  was  very  necessary  to  carefully  adjust  the  concen- 
tration of  the  acetic  acid  solution  employed  for  the  precipi- 
tation to  the  concentration  of  the  caseinate  solution.  At  first 
I  tried  delivering  the  10  cc.  samples  into  10  cc.  each  of  tv 
acetic  acid;  this  procedure  yielded  cloudy  opaque  filtrates  con- 
taining much  suspended  casein  and  totally  unfit  for  refractometer 
measurements;  it  appeared  that  the  acetic  acid  solution  was  too 
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strong.  On  the  other  hand  10  cc.  of  an  acetic  acid  solution  of 
the  same  concentration  as  the  alkali  used  to  dissolve  the  casein 
proved  to  be  too  weak,  because,  owing  to  the  hydrolytic  dissocia- 
tion which  sodium  acetate  undergoes  in  aqueous  solution,  the 
mixture  of  the  10  cc.  sample  and  the  10  cc.  of  acetic  acid  solution 
still  retained  casein  in  solution.  Finally  I  adopted  the  proportion 
of  10  cc.  of  the  digest  to  10  cc.  of  "v  acetic  acid  which,  with  the 
precautions  detailed  below,  yielded  perfectly  satisf^story  results. 
I  prepared  a  2  per  cent  solution  of  casein,  neutral  to  phenol- 
phthalein,  by  stirring  up  casein  in  a  dilute  solution  of  NaOH,  con- 
taining 16  cc.  of  TV  NaOH  per  100  cc,  until  the  mixture  was 
nearly  clear.  The  mixture  was  then  filtered  through  a  folded 
filter  and  the  filtrate  was  divided  into  four  portions  measuring 
100  cc.  each.  Each  of  these  portions  was  then  placed  in  an  incu- 
bator, in  a  tightly  stoppered  Erlenmeyer  flask,  and  allowed  to 
stand  there  until  it  had  attained  the  temperature  of  the  incubator. 
These  solutions  were  then  treated  as  follows: 
I.  Added  3  cc.  of  distilled  water. 
II.  Added  2  cc.  of  distilled  water  +  1  cc.  of  a  0.4  per  cent 
freshly  made  up  and  filtered  solution  of  Gruebler's  trypsin  puriss. 
sice, 

III.  Added  1  cc.  of  distilled  water  +  2  cc.  of  0.4  per  cent  trjrp- 
sin  solution. 

IV.  Added  0  cc.  of  distilled  water  -|-  3  cc.  of  0.4  per  cent  tr3rpsin 
solution. 

To  each  of  these  mixtures  were  then  added  three  drops  of  toluol 
and  they  were  then  gently  shaken  and  replaced  in  the  incubator. 
From  time  to  time,*  as  detailed  below,.  10  cc.  samples  were  taken 
from  each  flask  and  the  percentage  of  casein  digested  was  esti- 
mated in  the  following  manner: 

Ten  cc.  of  tV  acetic  acid  having  previously  been  accurately 
measured  into  a  small  dry  Erlenmeyer  flask,  the  10  cc.  sample 
was  fairly  rapidly  delivered  from  the  measuring  pipette  into  this, 
the  Erlenmeyer  being  gently  rotated  the  while  in  order  to  uni- 
formly mix  the  two  solutions.  This  mixture  was  immediately 
filtered  through  a  small  plug  of  glass  wool,  thus  removing  the 
grosser  masses  of  casein.^    The  opaque  filtrate,  containing  finely 

*  This  preliminary  filtration  can  be  omitted  provided  digestion  has  pro- 
ceeded far  enough.' 
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suspended  casein,  after  standing  for  a  few  minutes  to  allow  the 
casein  to  flocculate,  is  filtered  through  an  S.  &  S.  589  "yellow 
ribbon"  filter.  Filtration  is  rapid  and  the  filtftites  are  usually 
perfectly  clear,  or,  if  they  are  not,  a  second  filtration  will  accom- 
plish this  result.  The  refractive  index  of  this  mixture  was  then 
determined  by  means  of  a  Pulfrich  refractometer  reading  accu- 
rately to  within  V  of  the  angle  of  total  reflection,  a  sodium  flame 
being  emplo|red  as  the  source  of  light.  At  the  same  time  I  deter- 
mined the  refractive  index  of  a  "blank"  solution  prepared  by 
mixing  equal  volumes  of  tv  acetic  acid  and  a  sodium  hydrate  solu- 
tion of  the  strength  employed  to  dissolve  the  casein,'t.e.,  0.016  n. 
The  difference  between  the  two  readings  expressed  the  ref ractivity 
of  the  products  of  the  digestion  of  the  casein;  since  the  ref  ractivity 
of  the  mixed  products  of  the  tryptic  digestion  of  casein  is  the 
same  as  that  of  the  casein  from  which  they  are  derived  and  the 
effect  of  1  per  cent  casein  upon  the  refractivity  of  its  solution  is 
accurately  known,  it  is  evident  that  this  difference  affords  a  direct 
measure  of  the  amount  of  casein  digested  per  100  cc.  of  the  diges- 
tion-mixture. 

Each  gram  of  casein  dissolved  in  100  cc.  of  an  aqueous  solvent 
increases  its  refractivity  by  0.00152.*  Consequently  the  difference 
(  =  n  "  fii)  between  the  refractivity  of  the  "blank"  mixture  and 
that  of  the  filtrate  prepared  as  directed  above,  divided  by  0.00152, 
gives  the  percentage  of  casein  which  would  yield,  when  digested, 
the  concentration  of  the  products  of  digestion  which  is  contained 
in  the  filtrate.  Since  this  filtrate  is  prepared  by  diluting  a  sample 
of  the  digest  to  one  half  with  acetic  acid  solution,  this  figure  must 
be  multiplied  by  2  to  jrield  the  number  of  grams  of  casein  per 
100  cc.  of  the  digestion-mixture  which  have  undergone  hydrolysis. 

The  following  were  the  results  obtained:* 

» T.  Brailsford  Robertson:  Journ,  of  Physical  Chem.,  xiii,  p.  469,  1909; 
Die  physikalisehe  Chemie  der  Proteine,  Dresden,  1912,  chapter  13. 

*The  slight  alterations  in  the  refractivity  of  the  ''blank''  solution 
recorded  at  different  times  are  due  to  the  fact  that  the  temperature  at  which 
the  determinations  of  refractivity  were  made  varies  somewhat  between 
the  one  and  the  three-hour  determinations  and  so  forth.  Since, however, 
the  refractivity  of  the  "blank''  was  determined  afresh  upon  each  occasion 
and  at  the  same  time  as  those  of  the  mixtures  under  investigation,  this 
fact  did  not  affect  the  accuracy  of  the  determinations  (c/.  T.  Brailsford 
Robertson,  loc.  cit,). 
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Products  of  Hydrolysis  of  Casein 

After  digestion  for  one  hour  at  SS^ 


"Blank" 

0  cc.  trypsin.  . 

1  cc.  trypsin  . 

2  cc.  trypsin. . 

3  cc.  trypsin .  . 


It  »  BXVBACTIYB  XNDBX 
or  SOLUTION* 


1.333558^0.000078 
1.333558  >«>  0.000078 
1.333636^0.000078 
1.333714:^0.000078 
1.333792*0.000078 


(n  -  »0  - 

DirVBBBlfCB 

BBTWUIf  THE   BBPBAO- 

TIVITT  OF  THE  "BLAlfK" 

AMD  THAT  OF   TRB    FIL- 

TBATB 

0.000000 

0.000078 

*  0.000078 

0.000156 

*  0.000078 

0.000234 

*  0.000078 

a  o 

X  dS 


0.0 

0.1  *o.i 

0.2*0.1 
0.3  *0.1 


*The  espmmenUl  error  In  the  determlnaUon  of  the  anfle  of  total  reflection  by  the  Pul- 
frlch  refraotometer  la  ^^T  oorrespondlng  to  an  error  of  0.000078  In  the  determination  of  tbo 
rrfraotlve  Index  and  to  an  error  of  i^O.l  In  the  grami  of  caaein  digested  per  100  oc.  of  dicea«. 

After  digestion  for  three  hours  tU  55? 


"Blank" 

0  cc.  trjrpsin . 

1  cc.  trypsin . 

2  cc.  trypsin . 

3  cc.  trypsin . 


1.333480*0.000078 
1.333480*0.000078 
1.333714*0.000078 
1.333948*0.000078 
1.334182*0.000078 


t 
1 

0.000000.  I  0.0 

0.000234*0.000078  0.3*0.1 

0.000468*0.000078,  0.6*0.1 

0.000702  *  0.000078  i  0.9*0.1 


After  digestion  for  six  hours  at  S6^  to  S6^ 


"Blank" 

0  cc.  trypsin . 

1  cc.  trypsin. 

2  cc.  trypsin. 

3  cc.  trypsin . 


1.333402*0.000078 
1.333402*0.000078 
1.334026*0.000078 
1.334418  *  0.000078 
1.334734*0.000078 


0.000000  ! 

0.000624*0.000078 
0.001016  *  0.000078  . 
0.001332  *  0.000078 


0.0 

0.8  *0.1 
1.3  *0.1 
1.8*0,1 


*Tbe  temperature  of  the  Incubator  rose  about  T  during  this  Interyal. 
upon  the  rapidity  of  bydrolysla  la  very  noticeable. 


The  effect  of  thia 


After  digestion  for  tweniy-three  hours  at  55®  to  5^?* 


''Blank"' 

0  cc.  trjrpsin . 

1  cc.  trjrpsin , 

2  cc.  trypsin . 

3  cc.  trypsin . 


1.333558*0.000078 

1.333558*0.000078  0.000000 

1.334892  *  0.000078  0.001334  -• 

1.335129  *  0.000078  0.001571 

1.335129  *  0.000078  0.001571  ■- 


I 


0.000078 
0  000078' 
0.000078  I 


0.0 
1.8 
2.1 
2.1 


*0.1 
*0.1 
*  0.1 


*At  some  time  during  thla  interval  the  temperature  fell  again  to  \ 
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After  this  last  set  of  observations,  it  being  evident  that  the 
casein  in  the  digest  containing  3  cc.  of  trypsin  solution  was  com- 
pletely hydrolyzed/  I  determined  the  refractivities  of  the  mixture 
containing  no  trjrpsin  at  all,  in  which  it  is  evident  that  no  appre- 
ciable hydrolysb  had  taken  place,  and  of  the  mixture  containing 
3  cc.  of  trypsin  solution  and  of  a  "blank"  consisting  of  a  solution 
of  NaOH  of  the  strength  (0.016  n)  originally  employed  to  dissolve 
the  casein.    The  following  were  the  results  obtained: 


SOLtTTION 


"Blank*' 

O  cc.  trypsin. 
3  cc.  tr3rp8in. 


«  REfllACTITB    XKDBX 
or  THE  BOLUTIOir 


(n  —  ni)  -  DIFFBRBNCB  I 
BETWEEN  THE  RErRAC-  I 
TIVE  INDEX  OF  THE  | 
DIGEST  AND  THAT  OP  ; 
THE   "blank" 


1.333480^0.000078  1 
1.336630=*=  0.000078  i 
1.336630=*=  0.000078 


0.003150 
0.003150 


0.000078 
0.000078 


s  s 
I  « 

c  SB 


it 


2.07  *0.05 
2.07  *0.05 


It  is  evident  that  the  refractivity  of  the  casein  is  not  affected 
by  hydrolysis  by  trypsin. 

From  the  results  enumerated  above,  assuming  that  the  hydro- 
lysis of  casein  by  trypsin  obeys  the  monomolecular  formula, 

log =  Kt,  where  a  =  the  initial  concentration  of  the  substrate 

a  —  X 

and  X  the  amount  digested  at  time  t,^  it  is  possible  to  estimate 

the  values  of  the  velocity-constant  K  for  each  of  the  periods  of 

digestion  and  concentrations  of  trypsins  employed.    The  results 

of  this  calculation  are  enumerated  in  the  accompanying  table, 

the  time  being  expressed  in  hours  and  a  (=  2.07)  and  x  in  grams 

per  100  cc,  common  logarithms  being  employed : 


*  The  digests  containing,  respectively,  2  and  3  cc.  of  trypsin  solution 
yielded  at  this  time  no  precipitate  or  opalescence  on  mixing  with  the  acetic 

»Cf.  T.  Brailsford  Robertson:    This  Journal^  ii,  p.  317,  1907;  Walters: 
zbid.,  xi,  p.  267.  1912. 


Digitized  byVjOOQlC 


28 


Products  of  Hydrolysis  of  Casein 


i 

T1MI  or  DIOEMION    .  ^^^  j^^    ^,  ^^^^ 

K 

K  DITIDBD  BT  CC.  OT 

TBTPSIM  SOLUTION 

PER  100  CC.  or  DIOEST 

1 
1 
1 

3 
3 
3 

1 
2 
3 
1 
2 
3 

1 
2 

22  X  10-» 
44  X  10-» 
6S  X  10-» 

23  X  10-» 
50  X  10-» 
S3  X  10-» 

35  X  10-» 

72  X  10-» 

147  X  10-» 

3S  X  10-» 

22  X  10-» 

22  X  10-» 

23  X  10-» 
23  X  10-» 
25  X  10-» 
28  X  10-» 

6 

6 

6 

23 

35  X  10-» 

36  X  10-» 
49  X  10-» 
38  X  10-» 

At  the  point  indicated  by  the  intersecting  line  the  rise  in  temper- 
ature occurred. 

It  b  evident  that  for  a  given  temperature  the  figures  in  the 
fourth  column  are  constant;  thus  the  rate  of  hydrolysis  as  deter- 
mined by  this  method  is  directly  proportional  to  the  concentration 
of  trypsin  in  the  digest — a  relation  which  has  been  abundantly 
established  by  more  exact  methods  of  measurement.*  '  The  method 
is  therefore  adapted  for  the  purpose  for  which  it  was  designed, 
namely,  that  of  rapidly  determining  the  relative  activities  of  tryp- 
sin solutions. 

While  the  method  which  I  have  outlined  is,  of  course,  greatly 
inferior  in  accuracy  to  many  others,  it  possesses  the  following 
counterbalancing  advantages:  (a)  It  is  extremely  rapid,  (6)  it  is 
extremely  simple  and  (c)  the  experimenial  error,  although  large 
(*  0.1  gram  per  100  cc.)  is  nevertheless  exactly  known;  it  could 
obviously  be  somewhat  reduced,  if  desired,  by  increasing  the  con- 
centration of  the  caseinate  solution  used  as  substrate.  The  method 
is  probably  not  less  accurate  than  that  of  Mette  which  has  been 
employed  with  such  advantage  in  investigations  of  this  type, 
without  being  open  to  the  criticism,  which  attaches  to  the  method 
of  Mette^,  that  phenomena  of  dissolution  and  diffusion  may  be 
confused  with  phenomena  of  hydrolysis. 


•  Cf.  E.  H.  Walters:  loc,  cit. 

'A.  E.  Taylor:    Univ,  of  Calif,  Publ,  Pathol.,  i,  p.  7,  1904;     Svante 
Arrhcnius:  Immunochemislry,  New  York,  1907. 


Digitized  byVjOOQlC 


T.  Brailsford  Robertson  29 

SUMMARY. 

1.  The  complete  hydrolysis  of  sodium  caseinate  by  trypsin  does 
not  alter  the  refractivity  of  its  solution,  within  the  limits  of  the 
accuracy  of  the  determination. 

2.  A  method  of  comparing  the  activities  of  trypsin  solutions, 
based  upon  this  fact,  is  described  in  detail. 
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ON  THE  FORMATION  OF  GUANTUC  ACID  FROM 
TEAST  NUCLEIC  ACID. 

(Preliminary  Communication.) 

By  WALTER  JONES. 

{Frcm  the  Laboratory  of  Phynological  Chemistry,  Johns  Hopkins 
University.) 

(Received  for  publication,  April  20, 1912.) 

A  demand  recently  arose  in  this  laboratory  for  a  considerable 
amount  of  guanosine;  and  to  obtain  the  substance,  commercial 
yeast  nucleic  acid  was  submitted  to  neutral  hydrol3rsis  in  the  auto- 
clave.^ Although  guanosine  in  macrocrystalline  form  was  ob- 
tained in  every  trial,  the  yield  was  such  that  recourse  was  had  to 
the  more  recent  method  adopted  by  Levene  and  LaForge'  for  the 
hydrolysis  of  triticonucleic  acid.  As  this  second  method  gave 
results  which  were  not  different  from  those  previously  obtained, 
it  was  decided  to  make  use  of  glandular  ferments  as  hydrolytic 
agents.  Numerous  experiments  had  already  shown  that  with 
proper  arrangement  of  the  digestion,  guanosine  can  be  obtained 
by  the  action  of  a  number  of  glandular  extracts  upon  commercial 
yeast  nucleic  acid  and  that  there  is  no  production  of  the  dark 
brown  pigments  which  are  formed  in  the  autoclave  and  which 
render  the  isolation  of  guanosine  difficult.  The  pig's  pancreas 
was  selected  as  the  ferment  source  because  abundant  evidence 
had  indicated  guanosine  as  one  of  the  end  products  of  the  action 
of  this  tissue  extract  upon  yeast  nucleic  acid. 

But  as  simple  as  the  matter  appears,  a  physical  difficulty  is 
encountered  at  the  beginning  which  greatly  impairs  the  usefulness 
of  the  method.  A  warm  solution  of  the  digestion  products  can- 
not be  filtered.  Fat  globules  pass  through  the  filter  in  the  begin- 
ning and  before  a  clear  filtrate  can  be  obtained  there  is  such  a 

^  Levene  and  Jacobs:  Berichte,  xlii,  p.  2704. 
•  Levene  and  LaForge:  ibid,,  xliii,  p.  3166. 
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32  Formation  of  Guanylic  Acid 

clogging  with  fat  that  filtration  ceases.  On  the  other  hand  a 
cold  solution  of  the  digestion  products  can  be  filtered  perfectly 
clear  but  guanosine,  having  fallen  out  of  solution,  remains  on  the 
filter.  To  overcome  this  objection  it  was  decided  to  digest,  cool 
and  filter  the  pancreatic  extract  before  adding  the  nucleic  acid. 
Accordingly  a  mixture  of  760  grams  of  trimmed  and  finely  ground 
pig's  pancreas  with  1400  cc.  of  distilled  water  was  allowed  to  digest 
at  40**  in  a  closed  vessel  for  fourteen  days  with  enough  chloroform 
to  prevent  putrefaction.  At  the  end  of  this  time  the  product  was 
cooled  and  the  solution  filtered.  Upon  standing  over  night  there 
occurred  a  copious  deposition  of  snow-white  tyrosine  needles  which 
were  filtered  off.  The  pale  yellow  clear  solution  thus  obtained 
was  preserved  for  use  in  a  closed  vessel  with  chloroform  and  will 
be  referred  to  as  "the  digested  pancreatic  extract." 

A  portion  of  the  fluid  was  boiled  and  filtered  and  the  free  phos- 
phoric acid  present  in  the  filtrate  was  determined  by  direct  pre- 
cipitation with  magnesia  mixture.  A  second  portion  of  the  boiled 
and  filtered  extract  was  treated  with  yeast  nucleic  acid  and  used 
as  a  control. 

To  500  cc.  of  the  digested  pancreatic  extract  which  had  been 
warmed  to  40**  were  added  5  grams  of  yeast  nucleic  acid.  After 
digestion  of  the  material  for  fifteen  minutes  at  40**,  a  small  portion 
was  boiled,  cooled,  filtered  and  tested  for  nucleic  acid  by  the  addi- 
tion of  sulphuric  acid,  when  it  was  found  that  the  nucleic  acid 
had  entirely  disappeared.  Yet  the  presence  of  nucleic  acid  could 
be  shown  in  the  control  and  was  apparently  undiminished  after 
two  days. 

After  the  digestion  had  proceeded  eight  hours  a  determination 
of  phosphoric  acid  was  made  and  compared  with  one  made  from 
the  "digested  pancreatic  extract"  when  it  was  found  that  no  phos- 
phoric acid  had  been  liberated  from  the  yeast  nucleic  acid.  Nor 
could  the  presence  of  free  purine  bases  be  demonstrated  by  the 
addition  of  silver  nitrate  and  ammonia. 

These  results  suggest  that  when  an  aqueous  extract  of  pancreas 
is  digested  at  40**,  the  two  ferments,  phosphonuclease  and  purine 
nuclease,'  are  destroyed  or  greatly  injured  while  the  agent  which 
brings  about  a  decomposition  of  tetranucleotide  (yeast  nucleic 
acid)  into  simpler  nucleotides  or   mononucleotides   remains  in 

*  Amberg  and  Jones:  Zextschr.  /.  physiol,  Chem,,  Ixxiu^p.  407. 
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great  activity.  It  has  been  observed  that  fresh  serum  changes 
the  optical  character  of  yeast  nucleic  acid  without  liberation  of 
either  phosphoric  acid  or  purine  bases/  and  it  is  therefore  possible 
that  in  fresh  serum  conditions  exist  similar  to  those  of  digested 
pancreatic  extract. 

The  main  portion  of  the  product  of  the  action  of  digested  pan- 
creatic extract  upon  yeast  nucleic  acid  was  boiled,  filtered  and 
treated  at  the  boiling  point  with  an  excess  of  a  solution  of  lead 
acetate,  and  the  hot  fluid  was  filtered  from  precipitated  lead  phos- 
phate. Upon  cooling,  the  pale  yellow  filtrate  deposited  a  heavy 
granular  lead  compound  which  was  filtered  off,  suspended  in  hot 
water  and  decomposed  with  sulphuretted  hydrogen.  The  filtrate 
from  lead  sulphide  was  treated  with  potassium  acetate  and  poured 
into  an  excess  of  alcohol.  A  dense  flocculent  white  precipitate 
was  thrown  down  which  was  washed  with  alcohol  and  dried  over 
sulphuric  acid.  After  purification  by  a  repetition  of  the  processes 
involved  in  its  preparation,  the  substance  was  found  to  possess 
the  following  properties.  An  aqueous  solution  gives  no  precip- 
itate with  silver  nitrate  and  ammonia  even  after  the  addition  of 
an  anmioniacal  solution  of  hypoxanthine.  Upon  hydrolysis  with 
dilute  sulphuric  acid  there  is  formed  the  theoretical  amount  of 
both  guanine  and  phosphoric  acid  required  for  the  potassium 
salt  of  guanylic  acid  while  no  trace  of  adenine  could  be  found  among 
the  products;  at  the  same  time  a  reducing  substance  is  produced 
which  responds  to  qualitative  tests  for  pentose  and  the  optical 
character  of  the  solution  becomes  reversed.  By  a  comparison 
of  the  substance  with  a  specimen  of  guanylic  acid  prepared  from  the 
^-nucleoproteid  of  the  pancreas  it  was  found  that  the  two  sub- 
stances conduct  themselves  throughout  in  precisely  the  same  man- 
ner; .so  that  there  seems  no  escape  from  the  conclusion  that  the 
substance  under  discussion  is  the  potassium  salt  of  guanylic  add. 

The  yield  in  each  of  a  number  of  experiments  was  about  50  per 
cent  of  that  required  by  theory,  so  that  without  special  care  it 
was  not  found  difiicult  to  prepare  25  grams  of  the  substance  in  a 
short  time — ^an  imdertaking  which  would  require  weeks  or  months 
of  time  if  the  older  method  of  preparation  be  employed. 

While  the  active  agent  here  concerned  is  destroyed  by  heat  and 
is  more  active  at  40^  than  at  20^,  it  must  not  be  supposed  that  we 

^Amberg  and  Jones:  this  Journal,  x,  p.  81. 

Digitized  byVjOOQlC 
nn  jousHAL  or  biolooical  cHBifmrxT,  tol.  xii,  no.  1 


34  Formation  of  Guanylic  Acid 

are  here  dealing  with  a  true  catalytic  agent.  A  given  amount  of 
digested  pancreatic  extract  can  decompose  a  certain  definite 
amount  of  yeast  nucleic  acid  with  great  rapidity  but  can  decompose 
no  more  in  any  reasonable  length  of  time.  As  already  stated  100 
cc.  of  the  extract  completely  decomposes  a  gram  of  yeast  nucleic 
acid  in  fifteen  minutes  but  it  cannot  decompose  2  grams  in  a  week. 
A  solution  of  1.6  grams  of  yeast  nucleic  acid  in  100  cc.  of  extract 
was  digested  at  40^.  After  fifteen  minutes  a  trace  of  nucleic  acid 
could  be  shown  present  and  after  twenty-four  hours  the  trace  had 
not  disappeared. 

In  the  coiu^se  of  their  polarimetric  work  upon  the  action  of  ani- 
mal fluids  upon  nucleic  acids  Levene  and  Medigreceanu*  were  led 
to  postulate  a  ferment  capable  of  decomposing  tetranucleotides 
into  simpler  nucleotides  and  they  assign  to  the  ferment  the  name 
"nucleinase."  As  the  first  conclusive  evidence  of  the  existence  of 
such  a  ferment  is  presented  in  this  paper,  the  writer  will  be  per- 
mitted to  suggest  that  the  nomenclature  be  made  ccmformable  to 
that  which  Levene  and  his  coworkers  have  adopted  for  the  nucleic 
acids.  The  term  "tetranuclease"  indicates  clearly  a  ferment  whict 
exerts  its  activity  upon  a  tetranucleotide.  As  the  active  agent 
under  consideration  can  exert  this  activity  and  no  other  (at  least 
in  so  far  as  one  of  the  mononucleotides  is  concerned)  it  should 
be  termed  tetranuclease. 

It  seems  probable  that  there  are  several  tetranucleases,  for  the 
active  agent  here  considered  does  not  exert  its  activity  upon  thymus 
nucleic  acid.  vVhile  one  gram  of  yeast  nucleic  acid  is  completely 
decomposed  by  100  cc.  of  digested  pancreatic  extract  in  fifteen 
minutes,  one-fourth  the  amount  of  thjonus  nucleic  acid  does  not 
suffer  any  diminution  under  the  same  conditions  in  a  week. 

It  is  undoubtedly  true  that  these  two  nucleic  acids  have. the 
same  general  chemical  structure:  that  is,  they  are  both  tetranu- 
cleotides composed  of  four  mononucleotides  which  in  turn  are  com- 
pounds of  phosphoric  acid  with  nucleosides.  This  close  analogy 
was  shown  by  Levene^  and  his  coworkers  in  their  chemical  exam- 
ination of  the  two  nucleic  acids,and  the  general  similarity  of  struc- 
ture is  also  brought  Out  in  a  study  of  the  changes  which  the  two 
substances  undergo  in  the  presence  of  glandular  extracts:  for  the 

•This  Journal,  ix,  p.,  396. 

*  Levene  and  Mandel:  Berichte,  x\i,  p.  1905;  Levene  and  Jaoobe:  ibid,, 
xliii,  p.  3150.  r^^^r^T^ 
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characteristic  conduct  of  thymus  nucleic  acid  in  the  presence  of 
fresh  pancreatic  extract^  and  the  particular  line  along  which  the 
adenine  group  of  thymus  nucleic  acid  is  changed  to  hypoxanthine^ 
by  the  action  of  dog's  liver  are  matters  which  can  also  be  stated 
for  yeast  nucleic  acid.  Nevertheless  these  two  nucleic  acids  are 
two  different  substances,  and  obviously  because  they  are  not  com- 
posed of  the  same  mononucleotides.  They  could  not  therefore 
be  exp)ected  to  yield  identical  nucleosides  under  any  conditions. 
The  structure  of  yeast  nucleic  acid  which  was  assigned  by  Levene 
and  Jacobs  rests  primarily  upon  the  ability  of  these  writers  to 
isolate  four  nucleosides  from  among  the  products  of  its  hydrolysis. 
One  of  these  nucleosides  (guanosine)  possesses  such  physical  and 
chemical  properties  that  its  escape  from  the  observation  of  one 
accustomed  to  deal  with  it  would  seem  almost  impossible.  But 
Levene  and  Jacobs  have  never  obtained  this  substance  from  thy- 
mus nucleic  acid.  Again,  Levene  and  Jacobs  proved  that  the 
carbohydrate  of  yeast  nucleic  acid  is  d-ribose,  while  it  has  been 
generally  conceded  that  the*  carbohydrate  of  thjonus  nucleic 
acid  is  a  hexose.  Finally,  guanosine  has  been  obtained  in  this 
laboratory  by  the  action  of  a  number  of  glandular  extracts  upon 
yeast  nucleic  acid  and  conditions  have  been  foimd  for  controlling 
the  action  of  both  phosphonuclease  and  purine  nuclease  so  that  an 
arrangement  of  the  digestion  can  be  made  favorable  to  the  for- 
mation of  guanosine;  but  no  attempt  to  obtain  the  substance  from 
thymus  nucleic  acid  has  been  successful. 

It  is  necessary  to  refer  in  this  connection  to -an  interesting  but 
somewhat  puzzling  contribution  of  London,  Schittenhelm  and 
Wiener*  who  studied  the  decomposition  of  nucleic  acid  brought 
about  by  the  intestine.  They  obtained  from  among  the  products 
a  slight  amount  of  a  substance  which  contained  organically  bound 
phosphorus  and  purine  base  but  the  amount  of  material  was  too 
small  for  an  exact  identification.  In  parentheses  they  add  ''  (Am- 
moniumsalz  der  Guanylsaure?)"  and  continue  to  state  how  they 
isolated  and  completely  identified  guanosine  and  mention  a  some- 
what less  conclusive  identification  of  adenosine.  It  is  interesting 
to  note  that  thymus  nucleic  acid  was  employed  in  their  experiments. 

^  Jones:  this  Journal^  ix,  p.  169. 

■  Amberg  and  Jones:  ZeiUchr.  /.  physiol.  Chem.,  Ixxiii,  p.  407. 

•  Zeitackr,/.  physiol,  Chem.,  Ixv.  p.  459. 
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THE  EXCRETION  OF  IRON  IN  THE  URINE  IN 
PNEUMONIA. 

By  EDWARD  H.  GOODMAN. 
{From  the  Laboratory  of  Dr.  John  H.  Mui^er^  Philadelphia,  Pa.) 

(Received  for  publication,  April  20,  1912.) 

Normal  excretion  of  iron.  For  many  years  it  was  a  mooted  ques- 
tion whether  the  m-ine  contained  iron,  and  among  those  who  ques- 
tioned its  presence  were  Becquerel,  Herberger,  Lehmann,  Schroflf 
and  Schlemmer.  In  1820  Tiedtoiann  and  Gmelin  pointed  out  that 
iron  was  constantly  present,  and  in  this  they  were  confirmed  by  a 
host  of  observers.  The  reason  for  this  diflference  of  opinion  lies, 
as  suggested  by  Hoffmann,  in  the  too  small  amounts  of  urine  ex- 
amined by  Becquerel  and  his  followers.*  In  the  early  estimations 
of  iron,  widely  varying  figures  were  obtained,  but  since  the  report 
of  Neumann^  and  of  Neumann  and  Mayer*  it  is  generally  accepted 
that  the  normal  twenty-four-hour  output  of  iron  is  about  1  milli- 
gram. 

Excretion  of  iron  under  pathological  conditions.  The  excretion 
of  iron  in  disease  has  been  more  or  less  carefully  studied,  but  one 
must  view  with  some  scepticism  results  reported  before  the  descrip- 
tion by  Neumann  of  his  method.  Diseases  of  the  blood  have,  as 
might  be  expected,  received  the  greatest  attention  although  evi- 
dences of  sporadic  interest  in  other  diseases  are  not  wanting. 

Chlorosis.  Zander*  found  a  decided  decrease  in  the  urinary  iron 
although  he  gives  no  definite  figures.  Quincke*  showed  that  the 
amount  of  iron  excreted  varied  with  the  stage  of  the  disease;  in 

^  For  literature  see  Kennerknecht :  Virchow*8  Archiv,  ccv,  p.  89,  1911. 

>  Neumann:  Zeiteehr.f.  physiol.  Cfiem.,  xxxvii,  p.  114,  1903. 

>  Neumann  and  Mayer:  Ibid,  xxxvii,  p.  143,  1903. 

*  Cited  from  Kennerknecht:  loc.  cit. 

*  Cited  from  Kennerknecht :  loc.  cit. 
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the  beginning,  there  was  an  increase  over  normal,  while  in  the 
later  stages  there  was  a  diminution,  and  as  Kennerknecht  sasrs, 
this  may  explain  why  Lehmann*  fomid  an  increase.  Hunter^ 
reported  a  marked  reduction  in  iron,  and  ten  years  later  JoUes 
and  Winkler*  confirmed  this  finding  only  in  less  degree. 

Pemicums  anemia.  In  1890  Hunter  studied  the  iron  output  in 
a  case  of  pernicious  anemia  and  found  that  although  there  was  an 
increased  output  in  the  urine  the  maximum  was  reached  three 
weeks  before  death  when  the  anemia  was  most  intense.  At  this 
time  32.26  mgms.  were  found,  and  a  week  before  exitus,  this  had 
dropped  to  6.52  mgms.  while  two  days  before  death  there  was  only 
1  mgm.  Damaskin*  reported  increased  amounts  of  iron,  up  to 
3.08  mgms.  a  day,  and  Hopkins^^  found  variable  amounts,  the  high- 
est being  8.3  mgms.  on  one  day,  while  shortly  afterwards  only 
traces  were  found. 

Kennerknecht"  found  that  the  amounts  of  iron  varied  according 
to  the  stage  of  the  disease  analogous  to  the  finding  of  Quincke  in 
chlorosis,  sometimes  being  increased  and  sometimes  being  decreased. 

Leukemia.  The  study  of  the  iron  in  the  urine  in  this  disease  has 
received  some  attention.  JoUes  and  Winkler  reported  a  decided 
increase  in  the  excretion  of  iron  and  Hoffmann  a  moderate  increase. 
Mayer  found  3.407  mgms.  using  Neumann's  method.  Kenner- 
knecht studied  the  effect  of  X-rays  on  the  excretion  of  iron  during 
the  treatment  of  myelogenous  leukemia  by  this  method,  and  found 
that  the  already  increased  amount  of  urinary  iron  was  increased 
still  further  by  the  use  of  the  Roentgen  ray. 

Nephritis.  Damaskin  found  a  variance  in  iron  depending  on 
the  form  of  nephritis  present,  it  being  slightly  increased  or  normal 
in  interstitial  nephritis  and  greatly  increased  in  the  parenchymatous 
form.  JoUes  and  Winkler  found  it  increased  in  every  form  of 
nephritis.  Corroboration  of  the  increased  amount  of  iron  in  chronic 
interstitial  nephritis  is  offered  by  Neumann  and  Mayer. 


*  Cited  from  Kennerknecht:  loc.  cii. 

'  Hunter:  Brit.  Med.  Joum.,  July  5,  p.  1,  1890. 

» JoUes  und  Winkler:  Arch.  f.  exp.  Path.  u.  Pharm.,  xUv,  p.  464,  1900. 

*  Cited  from  Kennerknecht:  loc.  cit. 

^«  Hopkina:  Ouy'e  Hospital  Reporifi,  1,  p.  373,  1894. 
"  Loe.  cit. 
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MiBcellaneotu  diaeMes. 

A°««^*V Decrease^ Damaskin. 

Pneumonia Decrease/ 

Malaria Increase Ck>lasanti  and  Jacoangeli. 

Obstructive  jaundice . . .  Normal Damaskin. 

Catarrhal  jaundice Slight  decrease 

Alimentary  glykosuria.  .Normal 

Gout Increase 

Carcinoma  of  stomach . .  Increase 

Fever Decrease Neumann  and  Mayer. 

Fever Increase Colasanti  and  Jacoangeli. 

Fever Increase 


JoUes  and  Winkler. 


.Neumann  and  Mayer. 


Typhoid  fever Increase 

Erysipelas Increase 

Cholelithiasis Increase 

Cirrhosis  of  the  liver. .  .Increase 
Alcoholism-chronic Increase 

In  all  these  articles  referred  to  above  there  is  but  one  mention 
of  the  study  of  the  urinary  iron  in  pneumonia.  This  is  striking  in- 
asmuch as  one  would  exx>ect  to  find  very  interesting  results  during 
the  course  of  the  infection. 

Our  interest  in  morbid  process,  as  far  as  the  latter  concerns 
us  in  this  paper,  is  especially  concentrated  on  the  erythrocytes. 
In  health,  as  is  well  known,  the  red  blood  cells  after  a  certain  period 
of  life,  are  eventually  destroyed,  and  following  their  dissolution  are 
probably  taken  up  by  the  leucocytes  and  by  them  transported  to 
the  liver,  spleen  and  bone  marrow.  Of  the  iron  thus  liberated,  a 
part  finds  its  way  into  new  erythrocytes  and  a  part  is  excreted,  and 
for  this  excretion  two  possibilities  are  recognized  by  von  Noorden," 
the  ''mechanische  Entfiihrung"  and ''besondere  Zerfallsvorg&nge. " 
In  health  the  latter  plays  no  r61e,and  the  quantity  of  iron  which  is 
eliminated  in  twenty-four  hours  is  derived  for  the  most  part  from 
the  iron  contained  in  the  food  and  in  lesser  degree  from  the  destruc- 
tion of  worn-out  erythrocytes. 

If  we  revert  to  the  pathology  of  a  pneumococcus  infection  of 
the  lung  it  will  be  seen  that  during  the  first  stage  of  the  disease — 
the  stage  of  congestion — the  erythrocytes  may  be  held  to  be  hjrper- 
functioning,  and  having  more  work  to  do,  their  period  of  activity 
is  curtailed,  their  life  cycle  is  shorter,  and  they  are  destroyed  earlier 

^'Cf.  Neumann:  loe.  ciL 
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than  is  a  red  cell  existing  under  normal  conditions.  In  the  stage 
of  hepatization  owing  to  the  segregation  of  gargantuan  numbers  of 
erythrocytes,  there  should  be  a  withdrawal  of  cells  from  the  cir- 
culation and  hence  an  oligocythemia,  which  has  indeed  been 
described  by  Bollinger  (Osier").  When  autolysis  of  the  exudate 
sets  in  (stage  of  resolution),  the  iron  pigment  of  the  erythrocytes 
is  set  free,  and  there  should  be,  hypothetically,  what  might  be 
termed  hypersideremia.  In  this  rapid  holocaust  of  red  cells,  we 
have  von  Noorden's  "besondere  Zerfallsvorg&nge"  typically  exem- 
plified. The  iron  metabolism,  theoretically  be  it  remembered, 
should  therefore  be  such  that  in  the  early  stage  one  would  find  per- 
haps a  slight  increase  in  the  urinary  iron,  in  the  middle  stages,  a 
decrease,  with  the  crisis  and  thereafter,  a  marked  increase.  Evi- 
dence of  the  last  named  is  seen  in  the  icterus  which  often  accom- 
panies pneumonia. 

The  urine  was  collected  for  twenty-four  hours  and  the  iron  esti- 
mated by  the  method  of  Netunann"  using  500  cc.  of  urine  when  the 
daily  amount  of  urine  permitted. 

We  have  studied  four  cases  occurring  in  the  University  Hospital. 
Some  we  saw  early  in  the  disease  and  some  later,  but  it  was  unfor- 
tunate that  we  were  not  able  to  continue  the  investigations  over 
a  longer  period  of  time  following  the  crisis.  As  far  as  possible, 
only  cases  which  promised  to  have  a  favorable  outcome  were  chosen, 
and  only  those  whose  pulmonary  signs  gave  no  room  for  doubt  as 
to  the  correct  diagnosis  of  croupous  pneumonia.  Unfortunately, 
examination  of  the  stools  could  not  be  undertaken. 

We  are  indebted  to  Dr.  Stengel  for  the  privilege  of  studying  his 
cases,  the  other  cases  occurring  on  the  service  of  my  lamented 
Chief,  Dr.  John  H.  Musser. 

During  the  examination  the  patient  received  no  iron  medication 
and  was  on  a  diet,  consisting  for  the  most  part  of  milk,  which 
was  practically  iron-free. 


"  Osier:  Practice  of  Medicine  (sixth  edition),  p.  177. 
"  Cf.  Kennerknecht:  loc.  cit. 
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Case  1 — Edward  F,    Service  of  Dr.  Muaeer,  Untpersity  Hospital, 


OATB 

OAT  or  ILLICK8S 

UBINB 

ISON 

1912 

January  3—4 

5 
6 
7 
8 
9 

10  (crisis) 
First  day  after 

crisis 
Second  day  after 
crisis 

ce. 

970 
1000 

510 
1380 
1160 

800 

920 
1170 

4.040 

January  4-6 

2.20 

January  5-6 

1.24 

January  6-7^ 

1.299 

January  7-8 

0.635 

January  8-9* 

4.676 

January  9-10 

January  10-11 

3.650 

1.562 

*  On  this  day  patient  looked  as  If  he  were  golnc  to  have  his  crisis  but  he  developed  ery- 
sipelas of  his  note  which  Influenced  the  temperature  curve  and  the  estimations  were  dlscon- 
ttnued. 

Case  B^Lillian  J.    Service  of  Dr.  Stengely  University  Hospital. 


January  30-31 

January  31-February  1 . 

February  1-2 

February  2-3 

February  3-4 


February  4-5. 


8 

1150 

1.4 

9        ; 

220 

1.2 

10 

560 

0.38 

11  (crisis) 

540 

0.638 

First  day  after 

crisis                  , 

295 

0.10 

Second  day  after  , 

crisis                  1 

510 

0.800 

Case  5 — Thomas  F.    Service  of  Dr.  Musser,  University  Hospital. 


February  4-5. 
February  5-6. 
February  ^7. 


4 

2480 

0.25 

5  (crisis) 

2200 

1.26 

First  day  after 

1 

crisis 

980 

1       2.00 

Case  4 — Edward  S.    Service  of  Dr.  Stengel,  University  Hospital. 

;  5 


February -28-29 j 

February  29 1 

March  1 '  6 

March  1-2 7  (crisis) 

March  2-3 !  First  day  after 

!      crisis 


770 

920 
630 

600 


0.6 

1.0 
2.38 

1.60 
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A  study  of  these  figures  makes  apparent  the  distinct  curve  of 
urinary  iron  excretion  during  the  course  of  pneumonia,  there  being 
hyposiduria  during  the  height  of  the  infection,  and  in  every  instance 
a  relative  hypersiduria  (in  most  cases  an  absolute  hypersiduria) 
at  the  crisis  or  during  the  first  day  following.  It  would  be  of  great 
interest  to  study  the  iron  metabolism  in  a  case  of  pneumonia  with 
icterus  as  this  might  be  able  to  shed  some  light  on  the  question  of 
hemolytic  jaimdice.  Unfortunately  no  such  case  presented  itself 
while  the  study  of  these  cases  was  in  progress. 
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STUDIES  IN  THE  ACTION  OF  TRYPSIN. 

n.  (a)  ON  THE  INFLUENCE  OF  THE  PRODUCTS  OF  HYDROLYSIS 
UPON  THE  RATE  OF  HYDROLYSIS  OF  CASEIN  BY  TRYPSIN; 
(b)  THE  AUTOHYDROLYSIS  OF  THE  CASEINATES. 

By  E.  H.  WALTERS. 

{From  the  Rudolph  Spreckels  Physiological  Laboraiory  of  the  University 

of  California,) 

(Received  for  publication,  May  2,  1912.) 

In  a  previous  communication^  it  was  shown  that  the  basic 
caseinates  of  the  alkalies  and  alkaline  earths  are  hydrolyzed  by 
trypsin  with  approximately  equal  velocities  for  all  concentrations 
of  substrate  between  0.2  and  4  per  cent  and  that  the  rate  of  hydrol- 
ysis obeys  the  molecular  reaction  formula,  log,o  —  =   Kt,  during 

all  stages  of  the  reaction  and  also  that  the  influence  of  the  trypsin 
in  accelerating  the  reaction  is  that  of  multiplying  the  velocity 
constant  K  in  the  equation  by  a  factor  proportional  to  the  con- 
centration of  the  enzyme.  It  was  inferred  that  the  products  of 
hydrolysis  had  little  or  no  influence  upon  the  rate  of  hydrolysis. 
The  depressant  action  of  the  products  of  hydrolysis  has  been 
shown  by  Bayliss,*  and  Hedin.*  Bayliss  used  5  per  cent  solutions 
of  casein  in  each  digest  to  which  were  added  equal  amounts  of 
trjrpsin  and  varying  amounts  of  concentrated  digestion  products. 
These  substances  were  found  to  have  a  retarding  action  which 
increased  with  increasing  amounts  of  the  products.  He  considered 
this  effect  due  in  part  to  a  combination  occurring  between  the 

»E.  H.  Walters:    This  Journal,  xi,  p.  267,  1912. 

'Bayliss:  Arch,  ad,  hiol  (St.  Petersburg,  1904),  11  supplement,  p.  261 ; 
reprinted  in  the  Collected  papers  of  the  Physiological  Laboratory,  University 
College,  London,  xiii,  1903-5. 

*  Hedin:  Journ.  of  Physiol,,  xxxii,  p.  468,  1904;  Ibid,  xxxiv,  p.  370, 
1906. 
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trypsin  and  products,  thus  actually  reducing  the  active  mass  of 
the  ferment. 

The  experiment  which  I  am  about  to  describe  shows  that  this 
impeding  action  has  been  overstated  and  that  the  rapid  falling 
off  in  the  velocity  constant  in  Bayliss'  experiments  was  undoubt- 
edly due  to  the  very  rapid  destruction  of  the  trypsin  by  the  high 
alkalinity  of  his  solutions.  He  used  2  cc.  of  ^  ammonia  to  6  cc. 
of  the  system.  In  the  paper  referred  to  above  a  number  of  experi- 
ments upon  the  hydrolysis  of  casein  by  trypsin  were*  reported 
which  indicate  that  the  influence  of  the  products  of  hydrolysis 
upon  the  rate  of  hydrolysis  is  only  very  slight.  It  appeared 
important,  however,  to  determine  accurately  the  extent  of  this 
influence  and  it  was  with  this  object  that  the  following  experiment 
was  undertaken. 

The  casein  and  trypsin  employed  were  the  same  as  were  used 
in  my  former  experiments  and  the  experimental  procedure  was 
precisely  identical.  The  actual  experiment  was  carried  out  in 
the  following  manner. 

A  0.5  per  cent  solution  of  basic  sodium  caseinate  was  made  by  dissolving 
36  grams  of  purified  casein  in  288  cc.  of  -nr  NaOH  and  dilutiiig  to  7200  cc. 
with  distilled  water,  as  free  from  carbon  dioxide  and  ammonia  as  could  be 
accomplished  by  boiling,  and  100  cc.  placed  in  Erlenmeyer  flasks  of  200 
€c.  capacity  provided  with  tightly  fitting  rubber  stoppers.  These  solu- 
tions are  neutral  to  phenolphthalein,  i.e.,  faintly  alkaline,  the  OH"  con- 
centration being  10"*  n.  Taylor*  and  Robertson  and  Schmidt*  have  found 
that  trypsin  acts  most  energetically  in  solutions  of  this  alkalinity. 

A  strong  solution  of  the  digestion  products  was  prepared  by  allowing 
1  liter  of  a  2  per  cent  sterile  solution  of  basic  sodium  caseinate  to  digest 
for  a  month.  This  solution  was  then  heated  to  boiling  to  destroy  the  last 
traces  of  trypsin  that  might  possibly  be  present  and  evaporated  down  to 
400  cc.  on  an  air  bath  heated  by  an  electric  bulb  at  55°C.  This  concen- 
trated solution  of  the  products  of  the  tryptic  digestion  of  casein  was  a 
clear  yellow-brown  syrupy  liquid  which  is  just  about  saturated  with  respect 
to  tyrosine. 

To  each  of  a  set  of  six  flasks  of  the  casein  solution  were  added  0.2  cc. 
of  toluol,  1  cc.  of  a  1  (>er  cent  solution  of  the  trypsin  which  had  been  fil- 
tered and  1  cc.  of  the  solution  of  the  products.  To  another  set  of  six  flasks 
were  added  the  same  quantities  of  toluol  and  tr3rpsin  and  2  cc.  of  the  pro- 

*  Taylor:     Univ.  of  Calif.  Pub.  Pathol.,  i,  p.  251,  1907. 

*  T.  Braiisford  Robertson  and  C.  L.  A.  Schmidt:  This  Journal,  y,  p.  31, 
1908. 
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ducts  and  so  on  up  to  10  cc.  A  control  experiment  of  six  flasks  containing 
none  of  the  products  was  made  simultaneously.  In  addition  to  this, 
25  cc.  of  products  were  added  to  each  of  the  two  digests  containing  the 
same  amount  of  trypsin  as  the  others  and  allowed  to  incubate  for  three 
hours  when  the  undigested  casein  was  measured.  In  order  to  determine 
the  effect  of  diluting  the  system,  10  cc.  of  pure  water  were  added  to  two 
digests  and  25  cc.  to  two  others;  the  same  quantity  of  trypsin  was  added 
to  each  and  the  whole  allowed  to  digest  for  three  hours.  We  have  then 
eleven  sets  of  six  digests,  each  containing  varying  amounts  of  the  products 
of  hydrolysis  from  0  to  10  cc,  one  set  of  two  flasks,  each  containing  25  cc, 
and  two  sets  of  two  flasks,  each  containing  none  of  the  products,  but  instead, 
10  and  25  cc  of  pure  water  respectively.  The  experiments  were  carried 
out  at  the  same  temperature. simultaneously  so  that  the  concentration 
and  activity  of  the  tryjMin  would  be  the  same  in  each. 

The  solutions  were  warmed  separately  to  the  temperature  of  the  incu- 
bator and  the  products  and  the  trypsin  added  to  the  casein  digests  and 
allowed  to  incubate  at  37.5*C.  *  0.5*.  Two  flasks  from  each  set  were 
taken  out  after  one,  two,  and  three  hours  and  the  casein  determined  in 
each  by  precipitating  with  acetic  acid  and  subsequently  estimating  the 
quantity  of  nitrogen  in  the  precipitate.* 

The  initial  amount  of  casein  in  each  digest  was  foimd  from  the  mean 
of  two  determinations  to  be  428.5  mgms.  The  results  are  tabulated  in 
the  following  tables: 

TABLE  I. 


,       Set  A—  0 

cc.  products. 

HOUIIS 

a-. 

^H^ 

K 

0 

1 

2 
3 

428.5 

243.0 

126.5 

71.1 

0.24634 
0.52986 
0.78008 

25  X  10-« 
26.5  X  10-« 

26  X  10-« 

Set  B — 1  cc.  products. 


0 

428.5 

1 

252.5 

0.22969 

23      X  10-« 

2 

140.9 

0.48304 

24     X  10-» 

3 

73.8 

0.76389 

25.5  X  10-« 

SetC- 

-  i  cc.  products. 

0 
1 
2 
3 

428.5 

258.3 

148.1 

78.8 

0.21983 
0.46139 
0.73542 

1 

22  X  10-« 

23  X  10-» 
24.5  X  10-« 

*  The  details  of  the  method  are  given  in  the  first  paper  of  these  studies 
to  which  reference  has  been  made  elsewhere. 
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TABLE  I— Continued. 
Set  D — ^5  cc,  prodticts. 


I^. 


O— X 


428.5 

253.8 

147.6 

78.8 


0.22746 
0.46286 
0.73542 


23  X  10-» 
23  X  10-« 
24.5  X  10-» 


Set  E—4  cc,  products. 

0 

1 

2 
3 

428.5 

257.4 

149.4 

99.9 

0.22134 
0.45760 
0.63238 

22  X  10-» 

23  X  10 -« 
21     X  10 -« 

Set  F — Sec.   products. 


0 

428.5 

! 

1 

278.1 

0.18775 

'       19 

X  io-» 

2 

179.6 

0.37764 

'       19 

X  10 -» 

3 

107.1 

0.60216 

1       20 

X  10 -« 

SetGS 

cc. 

products. 

0 

1 

2 
3 

428.5 
277.2 
176.0 
113.0 

0.18916 
0.38644 
0.57887 

19 
19 
19 

X  10- 
X  10- 
X  10- 


Set  H — 7  cc.  products. 


0.19690 

19.5  X  10- 

-« 

0.35756 

18 

X  10- 

-1 

0.55060 

18 

xio- 

-a 

Set  1—8  cc.  products. 

0 

428.5 

1 

278.0 

0.18791 

19 

xio-« 

2 

177.8 

0.38202 

19 

X  10 -« 

3 

122.9 

0.54240 

18 

X  10 -« 
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2 
3 


TABLE  I— Continued. 
Sei  J—0  cc,  products. 


^"7^ 


428.5 
277.2 
200.7 
133.2 


0.18916 
0.32940 
0.50745 


19  X  10 -« 
16.5  X  10-» 
17      X  10-« 


SetK- 

-10  cc. 

products. 

0 

1 

2 
3 

428.5 
272.7 
194.0 
144.0 

1 
1 

1 

i 

0.19626 
0.34415 
0.47359 

19.5  X  10-« 
17      X  10 -« 
16     X  10-* 

0 
3 


Set  L — $6  cc,  products. 


428.5 
200.0 


0.33092 


Set  M—10  cc,  H^. 


11      X  10-* 


428.5 

77.5 


0.74265 


Set  N—iS  cc,  H^, 


428.5 
79.0 


0.73432 


24.5  X  10-* 


24.5  X  l0-» 


The  above  results  show  that  the  products  of  hydrolysis  have 
only  a  very  slight  impeding  action  on  the  rate  of  hydrolysis. 
This  fact  is  shown  more  clearly  in  fig.  I  in  which  A  represents 
the  normal  change  and  B  the  course  of  the  reaction  under  the 
influence  of  the  moat  concentrated  products. 


THB  AUTOHTDROLTSIS  OF  THE  CASBINATES. 

In  the  researches  on  casein  little  importance  has  been  assigned 
to  the  fact  that  it  undergoes  fairly  rapid  autohydrol3rsis  in  neutral 
sterile  solution.    Robertson^  made  a  few  experiments  in  this  con- 

'  T.  Brailsford  Robertson:  Univ.  of  Calif.  Pub.  Physiol,,  ill,  p.  174, 
1909,  (see  footnote). 
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nection  and  found  for  a  2.8  per  cent  solution  of  neutral  sodium 
caseinate  that  the  velocity  constant  (calculated  from  the  monomo- 
lecular  reaction  formula,  common  logarithms  being  employed  and 
the  time  expressed  in  hours)  was,  after  twenty  days  at  36^C., 
0.000518. 


It  appeared  important  to  follow  up  this  observation  and  to 
determine  the  relation  between  the  time  of  the  autohydrolysis 
and  the  amount  of  protein  transformed,  and  also  to  determine 
the  relation  between  the  nature  of  the  base  combined  with  the 
casein  and  the  rate  of  autohydrolysis.  Unfortunately  experiments 
of  this  character  occupy  a  considerably  long  period  of  time  and  the 
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results  obtained  are  not  as  satisfying  as  would  be  desired,  due  to 
certain  uncontrollable  errors  that  do  not  enter  into  short  experi- 
ments. However  the  results  of  the  experiments  carried  out  are 
very  suggestive  and  serve  to  show  the  magnitudes  and  general 
course  of  the  reactions. 

ExpsRiMSNT  1.  Solutions  of  the  neutral  caseinates  of  lithium,  sodium 
and  potassium  were  made  in  the  usual  way  such  that  the  proportion  of 
base  to  casein  was  50  X  10-*  equivalents  per  gram.  One  himdred  cubic 
centimeters  of  the  respective  solutions  were  placed  in  Erlenmeyer  flasks 
of  200  cc.  capacity,  a  few  drops  of  toluol  were  added  and  the  flasks  tightly 
closed  with  clean  rubber  stoppers  and  allowed  to  digest  at  37.5^0.  '^  1^ 
The  following  results  were  obtained. 


TABLE  U. 

Autohydrolysia  ofnetUrcd  cctseinates  (37.5* 
Neutral  lithium  caseinate. 


!•). 


mfBDf 

BOUM 

t 

o— « 

Lot       * 

K 

KXIQ* 

0 
96 

192 

11.8 
17.9 

188.0 
176.2 
170.1 

0.02815 
0.04346 

0.0002932 
0.0002263 

29.5 
22.5 

Neutral  eodium  caeeinate. 

0 

96 

192 

12.6 
21.4 

185.4 
172.8 
164.0 

0.03057 
0.05327 

0.0003184 
0.0002774 

32 
28 

Neutral  potaseium  caeeinate. 

0 

96 

192 

11.7 
18.9 

188.1 
176.4 
169.2 

0.02789 
0.04599 

0.0002905 
0.0002395 

29 
24 

The  figures  in  the  coliunn  headed  a  —  x  are  each  the  mean  of 
three  determinations.  These  solutions  are  neutral  to  litmus  and 
therefore  approach  as  nearly  as  possible  absolute  neutrality.  It 
is  improbablci  therefore,  that  the  comparatively  rapid  autohy- 
drolysis  is  due  entirely  to  H  and  OH  ions.  The  above  results 
show  that  the  neutral  caseinates  of  Li,  Na,  and  K  are  hydrolyzed 
with  approximately  equal  velocities.  It  will  also  be  observed 
that  they  do  not  obey  strictly  the  monomolecular  reaction  for- 
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mula  as  the  values  of  the  constants  diminish  as  the  reaction 
proceeds. 

ExPEBncBNT  2.  Solutions  of  t}ie  basic  caseinates  of  Li  and  Na  were 
prepared  in  the  usual  way  such  that  the  proportion  of  the  base  to  casein 
was  80  X  10 ~^  equivalents  per  gram.  These  solutions  are  neutral  to  phenol- 
phthalein  and  have  an  0H~  concentration  of  10-^  n.  The  experiment 
was  carried  out  in  precisely  the  same  manner  as  the  previous  one.  The 
following  are  the  results  obtained.  The  figures  in  the  column  headed  a  —x 
are  each  the  mean  of  three  determinations. 

TABLE  ni. 
Bane  lithium  caaeinaU,    37.5^*0.  >fc  1"*. 


TIMBIIV 
HOUIIS 

s 

•— « 

^^^ 

K 

JSTXIO" 

0 

0 

177 

45 

7 

170 

0.01752 

0.0003893 

39. 

137 

15 

162 

0.03845 

0.0002807 

28. 

281 

23 

154 

0.06045 

0.0002151 

21.5 

Banc  sodium  caaeinate.    37.5*C  **>  1*. 


0 

0 

175 

45 

6 

169 

0.01517 

0.0003371 

34 

137 

14 

161 

0.04621 

0.0003373 

34 

281 

23 

152 

0.06120 

0.0002178 

22 

ExPERncBNT  3.  This  experiment  was  carried  out  in  exactly  the  same 
way  with  the  basic  caseinates  of  Ca  and  Ba. 

TABLE  IV. 
Basic  calcium  caseinate,  38.5*  C.  ^^  1**. 


Tiiaiif 

BOUIIS 

s 

•— » 

^"^ 

K 

iTXio* 

0 

0 

153 

144 

40 

113 

0.13162 

0.0009139 

91.5 

288 

48 

105 

0.16350 

0.0005677 

57.0 

432 

60 

93 

0.21621 

0.0005006 

50.0 

Basic  barium  ccaeinate. 


0 

0 

153 

144 

40 

113 

0.13151 

0.0009139 

91.5 

288 

51 

102 

0.17609 

0.0006115 

61.0 

432 

66 

87 

0.24517 

0.0005675 

56.5 
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The  results  tabulated  in  the  above  tables-show  that  the  basic 
casemates  of  Li  and  Na  are  hydrolyzed  with  equal  velocities 
and  that  the  velocity  constant  is  slightly  higher  than  that  ob- 
tained for  the  neutral  caseinates.  The  rate  of  autohydrolysis 
of  the  basic  caseinates  of  Ca  and  Ba  is  about  three  times  as  great 
as  that  of  Li  and  Na.  This  fact  indicates  that  some  factors 
other  than  H  or  OH  ions  accelerate  the  reaction.  The  above 
experiments  on  the  autohydrolysis  were  all  carried  out  with  the 
same  preparation  of  casein  so  that  the  results  are  in  every  way 
comparable.  It  will  be  observed,  also,  that  in  all  cases  the  values 
of  the  velocity  constants  diminish  as  the  reaction  proceeds,  thus 
indicating  that  the  reaction  is  a  reversible  one  and  that  the  point 
of  equilibrium  is  attained  before  complete  hydrolysis.  It  appeared, 
therefore,  that  probably  the  accumulation  of  the  products  of 
the  reaction  caused  the  falling  off  in  the  velocity  constant.  I 
therefore  set  out  to  determine  this  influence  in  the  following  way. 

Experiment  4.  A  0.4  per  cent  solution  of  basic  sodium  caseinate  was 
prepared  and  100  co.  digests  prepared  in  the  usual  way  except  that  150  cc. 
reagent  bottles  were  used  instead  of  Erlenmeyer  flasks.  A  strong  solution 
of  the  products  of  the  tryptic  digestion  of  casein  was  prepared  as  described 
in  the  first  part  of  this  paper  such  that  10  cc.  contained  the  products 
that  would  be  obtained  from  the  complete  hydrolysis  of  each  digest.  Var- 
ious amounts  of  this  solution  were  added  to  the  solutions  under  inves- 
tigation and  the  digestion  carried  out  at  73*C.  =^  1**.  Two  experiments 
of  the  same  general  character  were  carried  out  at  different  times.  The 
results  obtained  are  tabulated  in  the  following  tables. 


0 
24 

48 


TABLE  V. 
0  CC,  products.    7$""  C*  1*. 


niCEIN 

Houn 

X 

O-J 

^»^F 

K 

/rxiO» 

0 

0 

360 

24 

41 

319 

0.05251 

.002188 

22. 

48 

63 

297 

0.08354 

.001740 

17.5 

72 

89 

271 

0.12333 

.001361 

13.5 

0 
36 
62 


7  cc,  products. 


360 
324 

298 


0.04575 
0.08208 


0.001906 
0.001710 


19 
17 
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TABLE  V-Contlnued. 
10  cc.  products. 

TIMBIN 
HOURS 

s 

•-'        \^^T-T 

K 

KXIO* 

0 
24 

48 

0 
34 
54 

360 

326               0.04308 

306              0.07058 

0.001796  1 
0.001470 

18 
15 

TABLE  VI. 
0  CC,  products.  7iJ®  C.  =fc  /* 


TIMBIN 
BOUM 


0 

48 
96 


0 

72.9 
103.5 


( 


355.5 
282.6 
252.0 


Lo«.. 


0.09967 
0.14944 


0.002077 
0.001557 


#CX10» 


21 
15.5 


10  cc. 

products. 

0 
48 
96 

0 
53.5 

84.5 

355.5 

302 

271 

0.07083 
0.11787 

0.001476 
0.001228 

15 
12 

eo  cc. 

products. 

(f 
48 
96 

0 

38.5 
70 

355.5 

317 

285.5 

0.04978 
0.09523 

0.001037    i 
0.000992 

10.5 
10.0 

These  experiments  show  that  the  products  of  tr3rptic  digestion 
do  not  entirely  account  for  the  slowing  of  the  reaction,  and  only 
the  largest  amounts  of  these  substances  cause  a  falling  off  in  the 
velocity  constant  equivalent  to  that  occurring  in  the  normal  reac- 
tion. If  the  phenomenon  is  due  to  the  influence  of  the  products 
of  the  reaction  then  the  products  of  tryptio  digestion  of  casein 
are  not  identical  with  those  of  the  autohydrolysis. 

To  obtain  a  solution  of  the  products  of  the  autohydrolysis 
unaltered  is  not  so  easy  as  might  at  first  be  supposed.  Osborne 
and  Guest*  observed  that  complete  hydrolysis  is  not  effected  until 
the  casein  is  boiled  with  strong  hydrochloric  acid  for  much  more 
than  twenty-four  hours.  Their  results  show  that  an  appreqiable 
quantity  remained  undigested  after  ninety-six  hours  boiling  with 
strong  hydrochloric  acid.    I  have  had  a  2  per  cent  solution  of  basic 

•  T.  B.  Osborne  and  Guest:    This  Journal,  ix,  p.  333,  1911. 
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sodium  caseinate  heating  in  a  water  bath  under  a  reflux  condenser 
for  one  hundred  and  sixty-eight  hours  and  the  solution  still  gave 
a  heavy  precipitate  upon  the  addition  of  acetic  acid.  Further- 
more, there  is  no  means  of  separating  the  undigested  casein  from 
this  solution  except  by  means  of  a  precipitating  agent  like  acetic 
acid,  since  the  caseinates  of  the  alkalies  pass  through  a  clay  filter 
and  are  not  precipitated  by  substances  in  fine  suspension,  such 
as  animal  charcoal  or  asbestos.  When  heated  in  an  autoclave 
at  ISO^C.  for  two  hours  casein  is  precipitated  from  its  solution 
in  NaOH  and  Ca(OH)i.  Almost  complete  precipitation  is  e£Fected 
when  Ca(OH)i  is  used  as  solvent.  When  casein  is  dissolved  in 
Ca(OH)i  in  the  proportion  of  1  gram  to  80  X  10"»  equivalents 
of  base  the  protein  can  be  precipitated  by  shaking  with  finely 
divided  animal  charcoal.  Osborne*  found  that  the  caseinates 
of  the  alkaline  earths  would  not  pass  through  a  clay  filter.  It 
appeared,  therefore,  that  these  two  properties  would  each  afiford 
a  convenient  method  of  obtaining  a  solution  of  the  unaltered 
products  of  the  autohydrolysis  of  calcium  caseinate  from  a  solu- 
tion only  partially  digested.  Proceeding  with  this  in  view  a  2 
per  cent  solution  of  basic  calcium  caseinate  was  heated  in  a  water 
bath  under  a  retiun  condenser.  After  thirty-six  hours  a  very 
appreciable  quantity  of  the  casein  was  coagulated.  In  one  instance 
Osborne  observed  a  slight  coagulation  of  casein  salts  of  calcium, 
magnesium,  barium,  strontium,  caffeine  and  strychnine  at  tem- 
peratures as  low  as  35^  and  45^. 

It  is  evident,  therefore,  that  the  digestion  should  be  carried 
out  at  comparatively  low  temperatures.  This,  however,  will  re- 
quire a  period  of  several  months  before  a  sufficient  quantity  of 
the  products  can  be  obtained. 

SUMMARY. 

1 .  The  products  of  the  tryptic  digestion  of  casein  have  only  a 
very  slight  impeding  action  on  the  velocity  of  hydrolysis  of  casein 
by  trypsin  and  this  effect  increases  as  the  quantity  of  the  products 
increases. 

2.  When  a  filtered  solution  of  Grtibler's  trypsin  is  heated  to 
40^C.  a  white  flocculent  precipitate  separates  out  after  about 

•  W.  A.  Osborne:    Joum,  of  Phynol.,  xxvii,  p.  308,  1901. 
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forty-eight  hours  standing.  The  filtrate  from  the  mixture,  how- 
ever, contains  the  active  substance  which  is  capable  of  hydrolyziog 
casein.  If  the  solution  is  heated  to  a  higher  temperature  (boiling) 
the  precipitate  separates  out  immediately. 

3.  Neutral  caseinates  of  Li,  Na  and  K  in  sterile  solution  undergo 
comparatively  rapid  autohydrolysis,  approximately  5  per  cent 
of  the  substrate  being  hydrolyzed  in  ninety-six  hours  at  37.5*C. 
The  basic  caseinates  %of  the  same  bases  undergo  autohydrolysis 
at  a  slightly  higher  velocity. 

4.  The  velocity  constant  for  the  autohydrolysis  of  the  basic 
caseinates  of  Ca  and  Ba  is  about  three  times  as  great  as  that  for 
Li  and  Na  thus  indicating  that  some  factor  other  than  the  H  or 
OH  ions  plays  a  part  in  accelerating  the  autohydrol3rsis.  Upon 
long  standing  it  was  observed  that  these  salts  had  a  very  slight 
tendency  to  coagulate  at  a  temperature  of  36°C.  when  strong 
solutions  were  employed.  In  comparatively  weak  solutions  this 
change  was  not  observed. 

5.  The  velocity  constant  for  the  autohydrolysis  of  the  neutral 
and  basic  caseinates  of  the  alkalies  and  alkaline  earths  calculated 

from  the  monomolecular  formula,  Logio =  Kt^  diminishes 

a  —  x 

as  the  reaction  proceeds. 

6.  The  influence  of  the  products  of  the  tryptic  digestion  of 
casein  upon  the  rate  of  autohydrolysis  of  basic  sodium  caseinate 
at  73®C.  =fc  1°  is  only  very  slight  and  does  not  account  for  the 
rapid  falling  off  in  the  velocity  constant  in  the  normal  reaction  of 
autohydrolysis.  If  the  phenomenon  is  due  to  the  influence  of  the 
products  of  the  reaction  then  the  products  of  the  tryptic  digestion 
of  casein  are  not  identical  with  those  of  the  autohydrolysis. 

7.  The  temperature  coefficient  for  the  autohydrolysis  of  basic 
sodimn  caseinate  between  37°  and  73*^0.  is  approximately  7. 

8.  The  failure  to  get  complete  hydrolysis  of  the  neutral  and 
basic  caseinates  in  the  absence  of  a  ferment  or  any  other  catalyser 
indicates  that  in  the  process  of  the  hydrolysis  of  casein  by  tr3rpsin, 
which  is  a  monomolecular  reaction,  the  station  of  equilibrium  is 
shifted  in  the  direction  protein  — ►  products  by  the  enzyme. 

It  is  a  pleasure  to  thank  Dr.  T.  Brailsf ord  Robertson  for  his  very 
valuable  advice  and  unremitting  interest  during  the  progress  of 
these  studies. 
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ON  THE  PRBSBNCB  OF  ACTIVE  PRINCIPLES  IN  THE 
THTROID  AND  STTPR4RENAL  GLANDS  BEFORE  AND 
AFTER  BIRTH. 

(Second  Paper.) 

By  FREDERIC  FENGER. 
(From  Uie  Chemieal  Research  Laboratory  of  Armour  and  Company,  Chicago,) 

(Receiyed  for  publication,  May  6,  1912.) 

In  the  first  paper  on  this  subject  it  was  shown  that  both  the 
thyroid  and  suprarenal  glands  from  beef,  hog  and  sheep  contain 
their  active  principles  not  only  at  time  of  birth  of  the  animal  but 
also  in  the  fetus.  In  the  first  series  of  experiments  no  distinction 
was  made  as  to  the  sex  of  the  fetus  nor  was  the  relation  between 
the  glands  of  the  pregnant  animals  and  those  of  the  correspond- 
ing fetuses  considered.  Another  important  factor  which  has  not 
been  taken  into  consideration  is  the  relative  activity  of  the  ductless 
glands  of  the  fetus  and  of  the  corresponding  digestive  glands.  As 
far  as  the  available  material  permitted,  these  problems  are  dis- 
cussed in  the  present  paper. 

With  reference  to  the  age  and  sex  of  the  fetus  two  important 
questions  naturally  suggest  themselves,  namely,  how  soon  after 
conception  do  the  glands  of  the  fetus  contain  active  principles,  and 
does  the  content  of  active  principles  in  these  glands  bear  any  rela- 
tion to  the  sex  of  the  fetus?  In  trsring  to  answer  these  questions 
the  following  set  of  experiments  was  made.  The  work  was  limited 
to  glands  from  cattle,  as  the  fetuses  of  sheep  and  hogs  were  too 
small  for  practical  purposes. 

Three  stages  of  age  were  selected,  namely,  the  fetus  six  to  twelve 
weeks  old;  the  fetus  four  to  five  months  old;  and  suckling  calves 
six  weeks  old.  The  glands  from  the  different  sexes  of  the  animals 
were  prepared  for  anal3rsi8  by  trimming  and  weighing,  mincing, 
diying  at  35^  to  50°C.  to  constant  weight,  and  freeing  from  fat 
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by  extracting  with  petroleum  ether  in  the  Soxhlet's  extractor.*  All 
the  determinations  were  made  in  duplicate  on  composite  samples 
of  glands  from  the  number  of  fetuses  and  yoimg  Animiiliy  specified 
in  the  tabulation  below.  The  thyroid  as  well  as  the  suprarenal 
glands  were  obtained  from  the  same  animal  in  all  instances. 


TABLE  1. 


rara,  ux  TO  TWBx.Ta 

nrn,  foux  to  nwrn 

SOtCKLUrO  CALTBi,  SIZ 

MOMnnoLo 

WBSKBOIA 

Mftto 

FenuOe 

Ifkto 

FanialB 

Mftto 

Famato 

Number  of 

fetuses 

20 

20 

6 

9 

IT 

23 

Average    weight 

of    fetuses, 

• 

grains 

S23 

626 

6320 

5348 

Average    weight 

of    thyroid 

glands,  granu . . 

0.22 

0.29 

1.90 

2.60 

8.20 

8.00 

Average  weight 

of  suprarenal 

glands,  grams. 

0.07 

0.06 

0.36 

0.40 

1.70 

1.80 

Iodine  in  desic- 

cated   fat-free 

thyroids,    per 

cent 

0.07 

0.06 

0.31 

0.20 

0.21 

0.25 

Epinephrin  in 

desicpated  fat- 

free    supra- 

renals,  per  cent. 

3.20 

3.40 

3.80 

4.20 

2.60 

3.00 

The  above  figures  show  definitely  that  both  the  thyroid  and 
the  suprarenals  of  the  fetus  contain  active  principles  within  a  few 
weeks  after  conception.  Also,  the  epinephrin  in  the  suprarenals 
seems  to  be  present  in  larger  and  more  uniform  proportions  than 
the  iodine  in  the  thyroids.  The  amount  of  iodine  in  the  th3nt>ids 
does  not  seem  to  have  any  definite  relation  to  the  difference  in  sex, 
whereas  the  quantities  of  epinephrin  in  the  suprarenals  seem  to 
be  slightly  higher  throughout  in  the  female  than  in  the  male  gland. 
It  will,  however,  require  more  extended  investigations  to  decide 
whether  these  observations  will  hold  good  throughout,  or  are  purely 
accidental. 


Digitized  byVjOOQlC 


Frederic  Fenger 


57 


In  order  to  ascertain  if  the  thyroids  from  sheep  and  hogs  are 
normally  enlarged  and  the  secretions  increased  during  pregnancy, 
and  whether  any  definite  relationship  exists  between  the  amount 
of  iodine  in  the  glands  of  the  pregnant  animals  and  those  of  the 
corresponding  fetuses,  the  following  series  of  experiments  was 
conducted  on  glands  from  pregnant  hogs  and  sheep  and  the  corre- 
sponding fetuses.  Four  sets  of  analyses  were  made  at  intervals  of 
a  week,  two  on  sheep  glands  and  two  on  hog  glands.  This  pre- 
caution was  taken  to  insure  variation  in  sources  of  the  stock  and  to 
eliminate  possible  influences  of  local  conditions  upon  the  animals 
coming  from  the  same  locality.  The  glands  were  prepared  for 
analysis  as  described  before. 

TABLES. 
Sheep  thyroida. 


Number  of  glands 

Maximum  weight  per  gland,  grains 
Minimum  weight  per  gland,  grams 
Average  weight  per  gland,  grams.. 

Moisture,  per  cent 

Soluble  in  petroleum  ether,  per  cent 

Desiccated  fat-free  gland,  per  cent. 

Iodine  in  desiccated  fat-free  gland, 

per, cent 


rVtVB,  TWO  TO  rouB 
MONTHS  OLD 


Ewe 


10 

16.8 
3.4 
6.6 

71.6 
1.6 

26.9 

0.53 


Fetus 


17 
1.3 
0.4 
0.8 

80.0 
0.7 

19.3 

0.36 


FBTUS,  THBBB  TO  FOUB 

AND  A.  HALT  MONTHS 

OLD 


Ewe 


8 

8.7 
1.8 
4.7 

60.8 
6.0 

33.2 

0.28 


Fetus 


8 

2.3 
1.1 
1.7 

82.7 
0.8 

16.5 

0.09 


TABLE  8. 
Hog  thyroids. 


Number  of  glands 

Maximum  weight  per  gland,  grams 
Minimum  weight  per  gland,  grams 
Average  weight  per  gland,  grams... 

Moisture,  per  cent 

Soluble  in  petroleiun  ether,  per  cent 

Desiccated  fat-free  gland,  per  cent. . 

Iodine  in  desiccated  fat-free  gland, 

per  cent 


rHTUS,  TBBSB  MONISS 
OLD 


Sow 


1 

11.1 
11.1 
11.1 

64.0 
15.2 
20.8 

0.24 


Fetus 


10 

0.34 
0.27 
0.30 

85.7 
1.0 

13.3 

0.11 


THBBB  MONTHS 
OLD 


Sow       i      Fetus 


4 

80 

13.0 

0.30 

6.0 

0.15 

9.5 

0.21 

67.4 

81.3 

8.7 

1.5 

23.9 

17.2 

0.45 


0.32 
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The  results  obtained  above  show  decided  individual  variations 
in  the  amount  of  iodine  present  in  the  thyroid  gland  of  the  hog 
and  sheep.  They  also  indicate  a  definite  tendency  in  the  relation 
between  the  amount  of  iodine  in  the  glands  of  the  pregnant  ani- 
mals and  those  of  the  corresponding  fetuses.  The  thyroid  gland 
during  pregnancy  of  the  hog  and  sheep  does  not  show  any  material 
increase  in  weight  or  size.  The  moisture  content,  however,  is 
somewhat  lower,  and  the  amount  of  iodine,  in  at  least  some  in- 
stances, higher  than  in  the  normal  glands  of  fuU-grown,  non-preg- 
nant hogs  and  sheep. 

So  far  the  writer  has  dealt  with  the  ductless  glands  exclusively, 
and  while  it  has  been  proven  satisfactorily  that  in  the  fetus,  at 
least,  the  thyroid  and  suprarenals,  contain  their  active  principles 
long  before  the  time  of  birth,  the  possibility  still  suggested  itself 
that  a  similar  condition  might  exist  in  the  digestive  glands. 

The  digestive  glands  are  not  active  in  the  fetus,  at  least  they  do 
not  exercise  the  same  function  before  birth  as  they  do  after,  and  if 
we,  therefore,  should  find  the  same  active  principles  in  them  before 
birth,  we  might  reason  by  analogy  that  the  presence  of  active  prin- 
ciple in  a  gland  does  not  necessarily  mean  activity  on  the  part  of 
the  gland.  If  this  should  be  the  case  it  would  conflict  with  the 
idea  expressed  by  the  writer  that  the  amounts  of  active  principle 
present  in  the  thyroid  and  suprarenals  are  indications  of  the  rela- 
tive activity  and  that  since  the  secretions  of  these  glands  are  neces- 
sary, not  merely  for  the  maintenance  of  life  and  healthy  metabo- 
lism, but  also  to  govern  the  growth  of  the  young  animal,  we  might 
reasonably  expect  to  find  these  glands  active,  not  merely  at  the 
time  of  birth,  but  also  in  the  fetus,  especially  as  these  glands  only 
produce  internal  secretions,  which  as  far  as  we  know,  do  not  enter 
the  alimentary  tract.^ 

Of  the  digestive  glands  the  hog  pancreas  was  found  most  suitable 
for  investigation,  partly  on  account  of  the  size,  and  also  because 
the  methods  for  the  assay  of  the  diastatic  ferment  are,  in  practice, 
best  known  as  applied  to  the  product  obtained  from  the  hog.  The 
pancreas  from  full-grown  hogs  as  well  as  from  the  fetuses  were 
collected  simultaneously  with  the  thyroid  glands. 


>Thi8  Journal,  xi,  p.  489,  1912. 
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The  U.  S.  Pharmacopoeia  (1905)  test  for  diastatic  power  of 
pancreatin  was  applied  both  to  the  desiccated  fat-free  pancreas  of 
the  hogs  and  the  fetuses.  It  was  found  that  while  the  pancreas 
from  the  fuU-grown  animals  showed  a  diastatiQ  power  of  1:40  in 
five  minutes,  the  pancreas  from  the  fetuses  showed  a  diastatic 
power  of  only  1 :2.5  in  one  hundred  and  twenty  minutes,  or  a  mere 
trace.  Desiccated  pancreas  testing  1 :  40  in  five  minutes  in  dia- 
static power  will  test  approximately  1:350  in  one  hundred  and 
twenty  minutes.  In  this  instance,  therefore,  the  pancreas  from 
the  full-grown  hogs  showed  a  diastatic  power  approximately  one 
hundred  and  forty  times  higher  than  the  pancreas  from  the  fetuses, 
while  the  thyroids  from  pregnant  hogs  contained  only  from  one- 
half  to  one-third  more  iodine  than  the  corresponding  fetuses. 

When  these  facts  are  taken  into  consideration,  and  when  it  is 
borne  in  mind  that  hepatic  and  renal  activities  are  established  at 
an  early  date  during  intra-uterine  life,  it  seems  reasonable  by 
analogy  to  assume  that  both  the  thyroid  and  suprarenals  of  the 
fetus  take  a  distinct  and  active  part  in  the  growth  and  develop- 
ment of  the  unborn  animal. 
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ON  THE  NATURE  OF  THE  SO-CALLED  ARTIFICIAL 
GLOBULIN. 

By  ROBERT  BANKS  GIBSON. 

(From  the  Department  of  Physiology  and  Pharmacology ^  University  of 
Minnesota.) 

(Received  for  publication,  May  6,  1912.) 

In  a  paper  published  several  years  ago,  MolP  reported  the  ap- 
parent conversion  of  serum  albumin  into  serimi  globulin.  This 
change  was  accomplished  by  heating  the  albumin  at  55^  to  dO^C. 
for  an  hour  after  the  addition  of  a  little  dilute  alkali.  In  the  proc- 
ess, a  part  of  the  sulphur  of  the  protein  was  split  off,  and  the  result- 
ing products  had  the  properties  and  the  elementary  composition 
of  the  so-called  "eu-"  and  "pseudo-"  globulins. 

Moll  considered  that  his  artificial  globulins  were  identical  with 
the  senmi  globulins.  He  further  suggested  that  the  well  known 
increase  of  the  serimi  globulin  content  of  the  blood,^  along  with 
coincident  fall  in  the  serum  albumin,  might  be  explained  as  the 
result  of  a  similar  change. 

The  results  obtained  by  Moll  were  at  first  generally  accepted. 
Hanmiarsten'  has  pointed  out,  however,  that  a  true  conversion  of 
the  senmi  albumin  into  serum  globulin  is  a  priori  out  of  the  ques- 
tion; for  by  the  action  of  a  weak  alkali  on  the  albumin,  which 
yields  no  glycocoll  on  cleavage,  we  cannot  expect  to  obtain  a  pro- 
tein which  contains  glycocoll. 

Recent  observations  on  the  formation  of  hippuric  acid,  indicate 
that  the  glycocoll  may  be  either  synthesized  in  the  body  or  formed 
by  the  cleavage  of  other  amino-acids.    Thus  A.  I.  Ringer^  has 

» Moll:  Hofmeister's  Beitrdge,  iv,  p.  563,  1904^  vii,  p.  311,  1906. 

*  For  the  literature,  see  Gibson  and  Banshaf :  Journ,  of  Exp,  Med.,  xii,  p. 
411, 1910. 

*  Hammarsten-Mandel :  Text-book  of  Physiological  Chemistry ,  p.  103, 1911. 

*  A.  I.  Ringer:  This  Journal,  x,  p.  327,  1911. 
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found  that  goats  have  the  power  of  eliminating  hippuric  acid  con* 
taining  much  more  glycocoU  than  would  be  found  preformed  in  the 
proteins  metabolized.  Epstein  and  Bookman'  have  also  shown 
that  after  carbohydrate  feeding,  the  production  of  glycocoll  for 
the  formation  of  hippuric  acid  can  occur  independently  of  the  rest 
of  the  protein  metabolism.  The  possibility  of  the  formation  of 
glycocoll  from  other  amino-acids,  at  least  in  vivo,  is  not  excluded. 
Osborne  and  Mendel*  have  just  shown,  also,  that  certain  pro- 
teins, deficient  in  glycocoll,  not  only  will  maintain  the  normal 
waste  and  repair  of  the  tissues,  but  will  even  serve  for  growth 
purposes  as  well. 

Recently  Breinl,^  extending  the  work  of  Cervello*  on  the  quanti- 
tative alterations  of  the  blood  proteins  after  the  administration 
of  antip3Tine,  has  described  an  increase  in  the  serum  globulin  and  a 
diminished  albumin  content  of  similar  character  to  the  changes 
reported  during  immunization.  He  believes  that  he  is  dealing 
here  with  a  transformation  identical  with  Moll's  conversion. 
Breinl  also  points  out  that  the  glycocoll,  which  is  present  in  the 
normal  serum  globulin,  might  be  formed  from  the  cleavage  of  the 
cystine  of  the  serum  albumin  and  would  accordingly  be  obtained 
on  the  hydrolysis  of  the  artificial  serimi  globulin. 

Partly  in  view  of  this  newer  work  on  the  blood  changes  after 
antip3rrine  and  on  the  origin  of  glycocoll,  and  in  part  as  a  prelimi- 
nary work  for  the  study  of  the  nature  of  the  protein  changes  dur- 
ing inmiunization,  it  seemed  worth  while  to  take  up  once  more 
this  so-called  transformation  of  serum  albumin  into  serum  globu- 
lin. The  changes  which  the  albumin  has  imdergone  in  MoU's 
conversion  may  most  easily  be  followed  by  determining  the  dis- 
tribution of  the  nitrogen  according  to  Hausmann.  If  the  artifi- 
cial globulin  resembled  the  natural  serimi  globulin  in  this  respect, 
the  protein  could  be  hydrolyzed  and  glycocoll  isolated  if  present. 

The  partition  of  the  nitrogen  in  Moll's  artificial  pseudoglobulin 
was  accordingly  determined.  As  was  expected,  it  was  shown  that 
the  artificial  pseudoglobulin  (soluble  in  saturated  sodium  chloride 

*  Epstein  and  Bookman:  This  Journal,  x,  p.  353,  1911. 

*  Osborne  and  Mendel:  BulL  of  the  Carnegie  Inet,  of  Washington,  D.  C, 
No.  166,  Part  II. 

»  Breinl:  Arch,f,  exp.  Path,  u.  Phar,,  Ixv,  p.  309,  1911. 

*  Cervello:  Ibid,,  Ixii,  p.  367,  1910. 
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solution)  differs  from  the  serum  albumin — so  far  as  the  nitrogen 
distribution  is  concerned — only  in  having  a  smaller  amid  nitrogen 
content.  A  determination  on  some  normal  serum  globulin,  pre- 
cipitated at  half  saturation  ammoniimi  sulphate  and  dissolved  in 
saturated  sodium  chloride  solution,  was  made  for  comparison. 
The  results  indicate  that  the  natural  and  artificial  globulins  are 
not  identical. 

A  2  per  cent  solution  of  cr3rstallized  and  dialyzed  serum  albumin 
(from  horse  blood)  was  heated  for  an  hour  with  an  equal  amount 
of  -^  sodium  carbonate  solution  as  directed  by  Moll.  The  mixture 
was  then  precipitated  with  an  equal  volume  of  saturated  ammo- 
nium sulphate  solution.  The  precipitate  was  redissolved,  again 
precipitated  at  half  saturation,  filtered  and  pressed  out  between 
filter  papers.  The  artificial  globulins  were  then  dissolved  in  water, 
filtered  through  pulp,  saturated  with  sodium  chloride  and  filtered 
after  standing  for  a  few  hours.  The  "globulin"  was  almost  en- 
tirely soluble  in  the  saturated  sodium  chloride  solution.  The  fil- 
trate was  precipitated  with  acetic  acid,  filtered  and  pressed  out 
between  dry  filter  paper.  It  was  then  redissolved  in  water,  fil- 
tered through  pulp  and  coagulated  by  heat.  The  coagulum  was 
collected  on  a  Buchner  funnel,  washed  until  the  filtrate  no  longer 
gave  a  sulphate  or  chloride  reaction,  was  treated  with  hot  alcohol 
and  dried.  A  nitrogen  determination  gave  15.95  per  cent  by  the 
Kjeldahl  method. 

The  determinations  of  the  nitrogen  partition  for  the  artificial 
pseudoglobulin  are  given  as  percentages  of  the  total  protein  in  the 
following  table,  along  with  a  similar  analysis  on  the  normal  serum 
albumin  by  Osborne  and  Harris.* 


SBRUM  ALBUWlf 
(OSBORNB  AMD 

I 

n 

BAR&IS) 

Amid  N*      

0.64 
9.38 
5.77 
0.16 

0.63 
9.44 
5.88. 
0.14 

1.01 

NoFi-hftsic  N  t 

9.61 

Basic  N 

5.30 

Melanoid  N 

0.16 

*  D«nto:  Thto  Jmirtwi,  rUU  P.  «7, 1010. 
t  By  dlffcraoM. 


*  Osborne  and  Harris:  Jowm,  of  the  Amer.  Chtm.  Soc.,  xxv,  p.  323,  1903. 
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Artificial  Globulin 


As  seen  in  the  table,  there  are.  no  noteworthy  differences  in  the 
nitrogen  partition,  except  the  low  amid  nitrogen.  The  diamine 
nitrogen  is  slightly  higher  than  Osborne  and  Harris'  figure,  but  the 
method  for  this  determination  is  hardly  exactly  quantitative,  and 
pronounced  differences  only  can  be  considered. 

In  the  following  table  are  given  the  results  of  the  analyses  for 
the  nitrogen  partition  in  the  saturated  sodium  chloride  soluble* 
normal  serum  globulin  (from  horse  serum).  The  preparation 
contained  15.60  per  cent  of  nitrogen.  The  results  show  a  higher 
melanoid  nitrogen  and  the  characteristically  low  basic  nitrogen. 
The  figures  in  these  respects  are  essentially  different  from  those 
obtained  for  the  artificial  pseudoglobulin. 


NOSMAL  FSBUDOGLOBULIM 


I 

II 

AmiH  N 

0.05 

10.84 

3.38 

0.43 

1  04 

Non-basic  N 

10  60 

BasicN 

3.51 

Melanoid  N 

0.45 

It  would  seem,  then,  that  toll's  artificial  serum  globulin  is  to 
be  regarded  simply  as  an  intermediate  stage  in  the  formation  of  the 
alkali  metaprotein. 
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INORGANIC    PHOSPHORUS    IN    PLANT    SUBSTANCES. 
AN  IMPROVED  METHOD  OF  ESTIMATION. 

By  R.  C.  COLLISON. 

(From  the  Department  of  Nutrition  of  the  Ohio  Agricultural  Experiment 
Station,  Wooster,  Ohio,) 

(Received  for  publication,  May  16,  1912.) 

In  the  synthesis  of  organic  phosphorus  compounds  by  the  plant 
and  in  their  storage  in  the  seed  as  reserve  food  the  inorganic  phos- 
phates play  an  important  part.  The  phosphorus  used  in  this  syn- 
thetic process  is  taken  into  the  plant  in  inorganic  form  and  used  in 
the  building  up  of  complex  organic  phosphorus  compounds  such 
as  lecithins,  phospho-  and  nucleo-proteins  and  salts  of  phytic  acid. 

It  is  believed  by  some  investigators  that  unmodified  plant  tissue 
and  a  large  number  of  the  seeds  contain  practically  no  phosphorus 
in  inorganic  combination.  Since  inorganic  phosphate  is  the  start- 
ing point  in  the  sjrnthesis  of  organic  phosphorus  compoimds  and 
since  there  exist  in  the  plant  enzymes  which  have  the  property  of 
splitting  off  inorganic  phosphorus  from  such  compounds,  it  would 
seem  probable  that  at  least  an  appreciable  quantity  of  phosphorus 
in  inorganic  form  might  be  found  in  such  plant  tissues  and  seeds. 

At  any  rate,  such  a  supposition  has  been  well  sustained  in  a 
previous  paper  from  this  laboratory  by  E.  B.  Forbes,  A.  Lehmann, 
R.  C.  CoUison  and  A.  C.  Whittier,  in  which  was  included  the 
original  acid  alcohol  method  of  inorganic  phosphorus  estimation. 

Methods  of  estimating  inorganic  phosphorus  in  plant  substances 
usually  begin  with  some  means  of  acid  extraction  of  the  material 
with  subsequent  separation  of  the  phosphates  from  the  extract. 
Some  of  the  proposed  methods  may  be  questioned  on  the  groimd 
of  mechanical  imperfection  and  also  because  they  do  not  take  into 
sufficient  consideration  the  influence  of  organic  matter  on  the  pre- 
cipitation of  phosphates  with  the  common  precipitating  agents. 
This  influence  on  precipitation  was  investigated  two  years  ago  in 
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connection  with  the  above  mentioned  paper.^  Dilute  acid 
extracts  of  plant  substances  contain,  besides  inorganic  salts,  pro- 
teins, carbohydrates  and,  in  the  case  of  cereals,  salts  of  phytic  acid. 
The  proteins  and  carbohydrates  both  inhibit  the  formation  of 
ammonium-phospho-molybdate  and  the  salts  of  phytic  acid,  especi- 
ally, have  the  property  of  suppressing  the  formation  of  this  pre- 
cipitate in  a  marked  degree.  This  influence  of  phytin  was  reported 
upon  in  our  previous  publication.  That  it  is  no  small  factor  con- 
tributing to  the  accuracy  of  the  final  results  can  be  readily  appre- 
ciated from  the  results  below,  which  are  quoted  from  the  previous 
paper  : 

TABLE  1. 
Infiuenee  of  phytin  on  th^  precipitation  of  phoBphonu. 


OKAmpHTnV 

QBAMB  PBOSraATI  BSOOTBBBD 

1.0000 

0.0000 

0.5000 

0.0260 

0.4000 

0.0329 

0.9000 

0.0371 

0.0000 

0.0420 

Phytin  is  only  one  of  the  substances  present  in  acid  extracts  of 
seeds  which  may  have  a  retarding  or  inhibiting  influence  on  the 
precipitation  of  phosphorus. 

These  results,  it  is  believed,  indicate  very  clearly  that  some 
failures  to  demonstrate  the  presence  of  inorganic  phosphorus  in 
seeds  could  have  been  due  to  imperfections  in  the  analytical 
methods. 

There  is  no  absolute  standard  with  which  we  can  compare  r^ults 
by  different  methods.  The  only  standard  we  have  for  comparison 
is  one  established  by  the  addition  of  a  known  quantity  of  pure 
phosphate  to  a  plant  substance  together  with  the  constancy  of 
analytical  results.  Complete  recovery  of  the  phosphorus  added 
and  a  constant  result  for  inorganic  phosphorus  without  such  addi- 
tion, would  then  constitute  a  fair  test  of  any  given  method. 

The  difficulties  in  precipitation  above  noted,  have  been  largely 
overcome  in  the  original  acid-alcohol  method  of  this  department.' 
A  brief  description  of  this  method  is  here  given. 


1  Bulletin  215,  Ohio  Agr.  Exp.  Sta.,  April  1910. 
•  Loe.  eit. 
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Commercial  phytin  was  dissolved  in  0.2  per  cent  nitric  acid  and  pure 
sodium  phosphate,  equivalent  to  0.0420  gram  of  magnesium  pyrophos- 
phate, was  added.  Acid  molybdate  solution  in  excess  was  then  added  and  the 
solutions  digested  at  60^  C.  for  one  hour.  The  volume  of  the  solutions  was 
about  200  cc. 

Ten  grams  of  the  substance  were  extracted  with  300  cc.  of  0.2  per  cent 
hydrochloric  acid  for  three  hours  and  250  cc.  of  the  filtered  extract  were  pre- 
cipitated with  magnesia  mixture  and  made  strongly  ammoniacal.  After 
twelve  hours  the  precipitate  was  filtered  off  and  washed  with  ammonia  and 
finally  with  alcohol.  The  dried  paper  with  the  precipitate  was  thoroughly 
shaken  with  a  measured  volume  of  acid  alcohol,  the  mixture  filtered,  an 
aliquot  of  the  filtrate  evaporated  and  phosphorus  determined  in  the  residue. 

This  method  avoids  the  necessity  of  precipitating  phosphorus 
in  the  presence  of  proteins  and  salts  of  phytic  acid.  It  has  now 
been  in  use  for  two  years  in  this  laboratory  and  has  given  more 
satisfactory  results  than  any  method  previously  used. 

In  all  the  plant  substances  examined  from  time  to  time,  appreci- 
able quantities  of  inorganic  phosphorus  have  been  foimd  by  this 
method.    A  few  results  are  here  given  for  illustration: 

TABLE  2. 
Toted  and  inorganic  phoaphorxu  in  a  few  plant  svbstances. 


TOTAL  p. 

nfOBOAKtC  p. 

peretnt 

percent 

0.307 

0.060 

0.394 

0.036 

0.266 

0.041 

0.647 

0.054 

0.445 

0.056 

0.600 

0.027 

0.230 

0.136 

0.256 

0.158 

Oats,  grain . . 
Wheat,  grain 
Com,  grain.. 
Soy  beans.... 

Cow  peas 

Rice  polish.. 
Alfalfa  hay.. 
Blue  grass... 


With  substances  giving  extracts  low  in  organic  material,  as  is  . 
the  case  with  the  rough  feeds,  such  as  the  hays,  and  also  with  many 
other  substances  the  method  gives  consistent  results.  But  with 
substancesgivingextractshigh  in  organic  material,  this  method  may 
cause,  in  some  cases,  high  results  due  to  great  difficulty  in  filtering 
the  extracts,  t"he  prolonged  standing  probably  causing  decompo- 
sition of  organic  phosphorus  compounds,  and  in  other  cases,  low 
results  due  to  the  influence  of  organic  substances  on  precipitation 
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of  magnesium-ammonium-phosphate.  These  difficulties  are  met 
with  especially  in  the  extracts  of  leguminous  seeds  which  are  in 
general  extremely  difficult  to  filter. 

With  the  purpose  of  eliminating  these  possible  sources  of  objec- 
tion, the  author  proposes  a  modified  and  improved  method  which 
retains  the  essential  point  in  the  original  method,  namely  the  acid 
alcohol  separation  of  phosphates  from  phytates,  but  differs  from 
the  original  in  the  omission  of  the  preliminary  acid  water  extraction 
and  magnesia  mixture  precipitation,  the  acid  alcohol  separation 
being  performed  on  the  fresh  substance  direct,  and  differing  also  by 
such  arrangement  of  details  as  permits  of  the  saving  of  the  alcohol. 

As  was  demonstrated  in  the  publication  of  the  original  acid  alco- 
hol method,  cold  acid  alcohol  (94  per  cent  alcohol  containing  0.2 
per  cent  hydrochloric  or  nitric  acid)  has  the  property  of  dissolving 
the  common  phosphates  which  are  insoluble  in  neutral  or  slightly 
alkaline  alcohol  and  of  separating  them  from  ph3rtates,  which  are 
insoluble  in  this  reagent.  Most  proteins,  nucleic  acid  from  yeast, 
and  carbohydrates  appear  for  the  most  part  to  be  insoluble. 
Taking  these  facts  into  consideration,  a  direct  acid  alcohol  ex- 
traction is  proposed.  Such  an  extraction  would  insiu^  solution 
of  inorganic  phosphates,  which  could  be  filtered  from  the  un- 
dissolved organic  phosphorus  compounds  in  the  residue. 

J'or  the  investigation  of  this  improved  method,  three  plant 
substances  were  selected. 

1.  Soy  beans,  on  account  of  their  high  percentage  of  soluble  pro- 
tein and  also  because  dilute  acid-water  extracts  of  the  ground  beans, 
as  well  as  the  precipitated  extracts,  are  extremely  difficult  to  filter. 

2.  Rice  polish,  on  account  of  its  rather  high  content  of  phytin. 

3.  Com  germ  meal,  on  account  of  its  content  of  nucleic  acid 
phosphorus. 

The  improved  method  of  procediu^,  in  detail,  is  as  follows: 

A  10  gram  sample  of  the  Bubstance,  very  finely  ground,  is  placed  in  a 
400  cc.  flask  and  covered  with  exactly  300  cc.  of  94  to  96  per  cent  phosphorus- 
free  alcohol,  which  contains  0.2  per  cent  of  hydrochloric  acid  (calculated 
from  the  per  cent  HCl  in  the  concentrated  acid).  The  flask  is  shaken  at 
intervals  of  five  minutes  for  three  hours.  The  extract  so  obtained  is  then 
filtered  through  dry,  double  11  cm.  filters  into  dry  flasks.  No  suction  is 
necessary.  An  aliquot  of  250  cc.  of  this  filtrate  is  placed  in  a  400  cc.  beaker 
and  made  just  alkaline  to  litmus  paper  with  ammonia.    A  slight  excess  of 
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ammonia  does  no  harm.  The  solutions  are  allowed  to  stand  from  eight  to 
twelve  hours  or  over  night  and  then  filtered  through  double  11  cm.  filters, 
care  being  taken  to  decant  the  clear  liquid  as  far  as  possible.  The  precipi- 
tate is  then  transferred  to  the  filter  and  washed  with  94  to  96  per  cent  alcohol 
which  has  been  made  just  ammoniacal.  In  transferring  the  precipitate 
some  of  the  material  may  stick  very  tenaciously  to  the  beaker.  In  this 
case,  after  cleaning  the  beaker  fairly  well,  add  five  drops  of  hydrochloric 
acid  to  the  beaker,  rub  out  the  latter  with  a  rubber  tipped  rod,  add  10  cc. 
of  alcohol  and  then  make  just  alkaline  with  ammonia  and  transfer  this  last 
portion  to  the  filter.  In  this  way  the  last  traces  of  the  precipitate  can  be 
easily  removed.  After  washing  several  times,  the  inner  filter  with  the  pre- 
cipitate is  spread  out  and  allowed  to  dry  completely.  It  is  then  transferred 
to  an  Erlenmeyer  flask  containing  exactly  100  cc.  of  0.5  per  cent  nitric  acid 
in  water  (calculated  from  the  per  cent  HNOi  in  the  concentrated  acid). 
The  flask  is  stoppered  and  the  contents  thoroughly  shaken  until  the  paper 
and  precipitate  are  broken  up.  It  is  best  to  let  it  stand  for  some  hours. 
The  material  in  the  flask  is  then  filtered  through  dry,  double  11  cm.  filters 
into  dry  beakers  and  exactly  75  cc.  of  the  filtrate  precipitated  with  50  cc. 
of  official  acid  molybdate  solution  in  the  usual  way;  10  grams  of  ammonium 
nitrate  and  two  hours  digestion  at  60^*0.  are  usually  sufficient.  The  final 
result  represents  the  amount  of  inorganic  phosphorus  in  6.25  grams  of  the 
original  sample. 

It  is  advisable  to  reprecipitate  the  pyrophosphate,  if  the  final  solutions 
are  highly  colored,  which  is  sometimes  the  case  with  some  of  the  rough 
feeds,  as  the  hays.  In  the  case  of  such  substances,  which  are  relatively  high 
in  inorganic  phosphorus,  a  smaller  sample  may  be  taken,  3  to  6  grams. 
In  using  this  method  with  substances  which  are  tenacious  and  gummy, 
and  which  do  not  break  up  readily  in  acid  alcohol,  as  is  true  of  dried  fruits 
and  other  substances  containing  considerable  sugar,  the  same  may  be  worked 
up  with  sand  and  a  definite  quantity  of  water ;  15  to  20  cc.  are  usually  sufficient. 
This  maybe  done  in  a  mortar  and  the  material  washed  out  into  the  flask 
with  acid  alcohol,  care  being  taken  to  use  the  correct  volume,  namely  300 
cc.  minus  the  quantity  of  water  used. 

This  method  deflocculates  substances  the  most  refractive  in  this  regard. 

Three  sets  of  determinations  were  made  by  this  method  on  soy 
beans,  rice  polish  and  corn  germ.  In  each  case  determinations 
were  made  with  and  without  the  addition  of  a  known  amount  of 
pure  phosphate,  in  an  endeavor  to  recover  the  latter  completely. 

The  first  two  sets  of  results  were  slightly  low,  due  to  insufl&cient 
time  given  for  precipitation,  since  the  filtered  extracts  were  made 
anmioniacal  and  filtered  inunediately.  Following  the  detailed 
method  as  stated,  allowing  the  extracts  to  stand  after  precipitation 
the  specified  twelve  hours,  excellent  results  were  obtained  as  shown 
by  the  following  table: 
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TABLES. 
Recovery  of  added  phoaphorue  by  improved  method. 


WITHOUT 
PBOSPHATB 


WITH 

OSPHA' 

0.0087  OHAIf  P. 


IHOBOAXIC  P. 


Soy  beans '      0.0016 

Rice  polish j      0.0012 

Corn  germ i     0.0018 


0.0053 
0.0048 
0.0053 


0.0052 
0.0048 
0.0054 


0.024 
0.019 
0.029 


The  figures  are  grams  of  phosphorus  (element)  and  are  averages 
of  three  determinations.  The  first  column  of  figures  represents 
the  quantity  of  inorganic  phosphorus  found  in  the  material  itself. 
Column  two  represents  the  amount  found  after  the  addition  of 
pure  phosphate  in  known  quantity,  and  column  three,  the  results 
which  should  have  been  obtained  after  adding  4>ure  phosphate, 
assuming  that  the  figures  in  column  one  are  the  correct  ones  for 
inorganic  phosphorus.  For  example,  the  inorganic  phosphorus 
in  6.25  grams  of  soy  beans  amounted  to  0.0015  gram  of  phosphorus. 
To  every  6.25  grams  of  sample  was  added  pure  sodium  phosphate 
equivalent  to  0.0037  gram  of  phosphorus.    Thus  if  th%  added  phos- 

TABLE  4. 
Inorganic  phoephorue  by  improved  method  with  and  without  pure  phoaphale. 


5 

is 

E 


It 
li 


Cow  peas 

Oil  meal 

Com  meal 

Wheat,  grain 

Wheat,  bran 

Wheat,  germ 

Clover  hay 

Timothy  hay 

Oats,  grain 

Cottonseed  meal . 

Rice  polish 

Corn  germ 

Soy  beans 


0.0014 
0.0017 
0.0016 
0.0008 
0.0021 
0.0025 
0.0043 
0.0030 
0.0026 
0.0014 
0.0012 
0.0018 
0.0015 


0.0053 
0.0057 
0.0056 
0.0046 
0.0063 
0.0068 
0.0085 
0.0068 
0.0067 
0.0055 
0.0050 
0.0055 
0.0053 


0.0051 
0.0053 
0.0051 
0.0044 
0.0060 
0.0064 
0.0082 
0.0067 
0.0064 
0.0053 
0.0049 
0.0055 
0.0052 


is 

s 

o 

gram 
0.0051 

peretnl 
0.023 

0.0054 

0.027 

0.0053 

0.025 

0.0045 

0.012 

0.0058 

0.034 

0.0062 

0.040 

0.0080 

0.070 

0,0067 

0.047 

0.0063 

0.041 

0.0051 

0.023 

0.0049 

0.019 

0.0055 

0.029 

0.0052 

0.024 
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phorus  was  completely  recovered,  the  result  should  have  been  0.0015 
+0.0037=0.0062  gram  of  phosphorus  for  the  theoretical. 

These  results  check  with  the  theoretical  as  closely  as  could  be 
desired,  indicating  complete  recovery  of  the  phosphate. 

In  table  4  are  given  similar  results  on  a  more  extended  scale. 
The  pyrophosphate  was  reprecipitated,  the  results  being  given  in 
column  three. 

The  figures  represent  grams  of  phosphorus  (element).  Here 
again  the  results  agree  well  with  the  theoretical  in  every  case.  The 
extracts  of  substances  which,  by  the  original  method  filter  with 
great  difficulty,  by  the  improved  method  filter  with  great  ease, 
as  well  as  the  solutions  after  precipitating  by  neutralization. 

In  order  to  make  the  comparison  complete  a  similar  series  of 
determinations  was  made-  by  the  original  method,  on  the  same 
substances,  with  and  without  phosphate  added. 


Results  by  original  method. 


TABLE  6. 
Comparison  of  original  and  improved  methods. 


Cow  peas 

Oil  meal 

Com  meal 

Wheat,  grain  — 

Wheat,  bran 

Wheat,  germ 

Clover  hay 

Timothy  hay 

Oats,  grain 

Cottonseed  meal 

Rice  polish 

Corn  germ 

Soy  beans 


§1 


gram 

0.0013 


0.0014 
0.0006 
0.0037 
0.0022 
0.0037 
0.0028 
0.0034 
0.0048 
0.0016 
0.0018 
0.0010 


WITH 

PHOSPHATE 
0.0081  OBAlf  P. 

i 

11 

gram 
0.0068 

gram 
0.0094 

• 

• 

0.0092 

0.0095 

0.0074 

0.0087 

0.0098 

0.0118 

0.0090 

0.0103 

0.0088 

0.0118 

0.0105 

0.0107  . 

0.0110 

0.0115 

0.0124 

0.0129 

0.0087 

0.0097 

0.0097 

0.0099 

0.0032 

0.0047 

INORGANIC  P. 


I 


I* 


per  cent 

0.020 


0.022 
0.009 
0.059 
0.035 
0.059 
0.042 
0.055 
0.076 
0.025 
0.029 
0.015 


11 


ptrctnt 
0.023 
0.027 
0.025 
0.012 
0.034 
0.040 
0.070 
0.047 
0.041 
0.023 
0.019 
0.029 
0.024 


'Unfiltenble. 


The  results  in  the  first  three  columns  are  expressed  in  grams  of 
phosphorus  (element).  The  inorganic  phosphorus  was  recovered 
in  five  cases,  namely,  com  meal,  timothy  hay,  oats,  cottonseed 
meal  and  com  germ.    It  is  interesting  in  this  connection  that  all 


Digitized  byVjOOQlC 


72        Inorganic  Phosphorus  in  Plant  Substances 

five  are  substances  which  do  not  give  a  large  quantity  of  organic 
material  on  extraction.  On  the  other  hand,  cow  peas,  wheat, 
wheat  bran,  wheat  germ,  clover  hay,  rice  polish  and  soy  beans  are 
all.  plant  substances  which  yield  a  large  quantity  of  soluble  organic 
matter  on  extraction,  which  has  evidently  had  its  effect  in  prevent- 
ing complete  precipitation,  since  the  phosphate  added  was  not 
entirely  recovered  in  these  substances. 

Hydrolysis  has  possibly  been  a  factor  contributing  to  the  varia- 
tions in  the  results  by  the  two  methods,  especially  in  the  case 
of  cottonseed  meal  and  wheat  bran.  The  higher  resulj»  in  these 
two  substances  may  indicate  the  splitting  off  of  inorganic  phosphorus 
from  organic  compounds.  This  factor  could  have  considerable 
bearing  on  results  by  the  original  method  in  which  extraction  and 
precipitation  are  made  in  a  water  solution.  On  the  other  hand,  in 
the  improved  method  this  factor  would  not  have  special  significance, 
since  extraction  and  filtration  are  made  in  alcohol,  and  the  presence 
of  strong  alcohol,  practically  throughout  the  process,  tends  to 
prevent  enzyme  action  and  bacterial  decomposition. 

As  a  factor  in  causing  low  results  may  be  mentioned  the  property 
of  some  organic  bodies  to  combine  with  inorganic  salts  in  water 
solution  and  also  the  property  of  such  bodies  of  inhibiting  the  pre- 
cipitation of  phosphorus,  either  chemically  or  mechanically.  Phy- 
tin,  proteins  and  carbohydrates  seem  to  have  these  properties,' 
some  in  a  marked  degree. 

The  chief  considerations  which  recommend  the  improved  acid- 
alcohol  method  may  be  stated  as  follows: 

1.  Alcohol  extraction  prevents  enzyme  and  bacterial  decompo- 
sition of  organic  phosphorus  compounds. 

2.  Most  organic  phosphorus  compoimds  seem  to  be  practically 
insoluble  in  the  solvent. 

3.  Filtration  of  the  extracts  of  even  the  most  diflScultly  filter- 
able materials  is  very  rapid. 

4.  Recovery  of  the  alcohol  used  is  i>ossibIe. 

5.  A  considerable  saving  of  time  over  the  old  method  is  secured. 

6.  Results  on  all  the  substances  examined  seem  to  be  constant 
and,  in  all  cases,  added  inorganic  phosphorus  was  completely 
recovered. 

The  author  wishes  to  express  thanks  to  Dr.  E.  B.  Forbes  for  his 
courtesy  in  making  this  investigation  i>ossibIe. 
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EXPESIMENTAL  STUDIES  ON  CREATINE  AND 
CREATININE. 

IV.    THE  BSTIMATION  OF  CREATINE  UX  THE  PRESENCE  OF 

SUGAR. 

By  WILLIAM  C.  ROSE. 

{From  the  Laboratory  of  Physiological  ChemiBtry,  School  of  Medicine^  Univer- 
sity of  Pennsylvania,) 

(Received  for  publication,  May  20, 1912.) 

In  the  course  of  studies  of  certain  phases  of  metabolism  during 
diabetes,  it  was  observed  that  the  determination  of  creatine  by 
the  Benedict-Myers  modification  of  the  Folin  method  yields  results 
much  too  high.  In  the  presence  of  sugar,  heating  in  the  auto- 
clave with  normal  hydrochloric  acid  oxidizes  the  sugar  with  the 
production  of  dark  brown  compounds  which  seriously  interfere 
with  the  accuracy  of  the  method.  These  substances  not  only 
change  the  character  of  the  color,  giving  it  a  brownish  tint  difficult 
to  match  with  the  bichromate  solution,  but  they  also  greatly 
increase  the  color  intensity,  i.e.,  the  sugar  decomposition  products 
themselves  give  the  creatinine  reaction.  When  pure  solutions 
of  dextrose  are  heated  in  the  autoclave  with  equal  voliunes  of 
normal  hydrochloric  acid,  and  the  resulting  mixtures  treated  with 
picric  acid  and  alkali,  intensely  red  solutions  result.  Moreover, 
the  brown  sediment  which  separates  during  the  autoclave  heating 
of  sugar-containing  urines  gives  the  3aS6  creatinine  test  when 
filtered  off,  washed,  and  treated  with  picric  acid  and  alkali. 

A  single  series  of  determinations  on  a  normal  human  urine  to 
which  increasing  quantities  of  dextrose  were  added,  will  suffice 
to  indicate  the  magnitude  of  the  analytical  errors.  In  this  table, 
as  in  all  succeeding  ones,  the  quantities  of  creatinine  are  calculated 
from  the  averages  of  six  to  ten  readings. 

It  is  obvious  that  determinations  by  this  method  in  the  presence 
of  sugar  give  readings  decidedly  too  low  (corresponding  to  too 
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TABLE  I. 

The  influence  of  dextrose  on  the  estimation  of  creatine  by  the  HCl-<iutocla»e 

method. 


milfBBB 

•UOAB  ADDED  PBB 

10  cc.  xmnn 

BBADINOS 

TOTAL  CBBATimi 

9ram 

mm. 

m^m. 

1 

0.0 

10.1 

8.02 

2 

0.1 

8.0 

10.12 

3 

0.2 

6.6 

12.45 

4 

0.4 

6.1 

13.27 

5 

0.7 

6.2 

13.05 

much  total  creatinine).  Frequently  the  creatine  findings  are 
10  to  50  per  cent  too  large  and,  when  considerable  sugar  and  rela- 
tively small  amoimts  of  total  creatinine  are  present,  the  creatine 
values  may  even  be  100  per  cent  too  large.  In  fact  it  is  surprising 
that  the  errors  resulting  from  creatine  estimations  in  diabetic 
urines  have  not  been  emphasized  to  a  greater  extent.  Dreibholz' 
called  attention  to  the  difficulty  in  matching  colors  after  heating 
with  hydrochloric  acid,  but  apparently  overlooked  the  fact  that 
the  decomposition  products  of  sugar  give  the  )aS6  reaction. 

To  overcome  the  errors  incident  to  the  estimation,  Dreibholz 
attempted  to  remove  the  sugar  from  the  urines  by  fermentation, 
but  reported  that  the  creatine-creatinine  figures  were  then  far 
too  low,  presumably  owing  to  the  destruction  of  creatine  and  cre- 
atinine by  enzymes  (creatase  and  creatinase)  present  in  the  yeast. 
So  far  as  the  writer  is  aware,  these  experiments  have  never  been 
verified;  but  even  though  creatase  and  creatinase  were  absent 
from  yeast,  fermentation  would  not  be  a  desirable  method  of 
overcoming  the  difficulties  in  creatine  estimation.  The  po.ssi- 
bility  of  bacterial  decomposition  of  creatine  and  creatinine  in 
the  fermenting  urines,  and  the  necessary  delay  of  twenty-four 
hours  in  obtaining  the  analytical  results,  would  render  the  pro- 
cedure unsatisfactory. 

In  order  to  overcome  the  errors  in  the  method,  numerous  at- 
tempts have  been  made  to  remove  the  interfering  substances  by 
decolorization  with  lead  salts,  colloidal  iron  hydroxide,  etc.,  but 

^  Dreibholz :  Inaug,  Diss.  Greifswald,  1908. 
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all  attempts  have  been  unsuccessful,  because  of  a  loss  of  creatinine 
in  the  process.'  The  only  procedure  that  promised  success  was 
to  obtain  an  acid  which  would  quantitatively  convert  creatine 
into  its  anhydride  and  still  would  not  caramelize  sugar  during 
the  autoclave  heating.  After  experiments  with  several  weak 
acids,  a  satisfactory  one  was  found  in  phosphoric  acid.  Heating 
in  the  autoclave  with  dilute  solutions  of  phosphoric  acid  produces 
no  perceptible  oxidation  of  dextrose,  even  when  the  latter  is  present 
in  relatively  large  concentrations  (8  to  10  per  cent).  The  sugar 
solutions  are  water-clear  when  removed  from  the  autoclave.  More- 
over, creatine  in  all  concentrations  that  occur  in  urines  under 
physiological  and  pathological  conditions,  is  quantitatively  con- 
verted into  creatinine  by  heating  with  twice  the  volume  of  3  per 
cent  phosphoric  acid,  for  a  period  of  thirty  minutes  at  a  tempera- 
ture of  117*^  to  120*^C. 

Phosphoric  acid  has  an  additional  advantage  over  hydrochloric 
acid  in  that  it  produces  much  less  oxidation  of  the  urinary  pigments. 
The  darkening  of  the  color  of  urine  by  heating  with  hydrochloric 
acid,  and  the. possibility  of  analytical  errors  resulting  therefrom, 
has  been  alluded  to  by  several  investigators.*  Benedict^  has 
recently  emphasized  the  possibility  of  errors  that  may  ensue  from 
pigment  oxidation.  He  found  that  the  precipitate  which  sepa- 
rates during  the  heating  of  normal  urine  with  hydrochloric  acid, 
gives  the  creatinine  reaction;  and  to  overcome  this  consequence  he 
suggests  the  addition  of  granulated  lead  to  the  urine-hydrochloric 
acid  mixture  and  evaporation  to  dryness  over  the  free  flame. 
The  creatine  is  quantitatively  converted  into  creatinine  during 
the  evaporation  and  the  small  amount  of  hydrogen  liberated  from 
the  acid  by  the  lead  prevents  pigment  oxidation.  It  has  been 
the  writer's  experience  that  while  this  method  gives  beautiful 
results  in  sugar-free  urines,  the  amount  of  hydrogen  liberated  is 
not  sufficient  to  prevent  sugar  oxidation  in  diabetic  urines.  In 
fact,  if  the  urine  contains  sugar,  direct  evaporation  over  the  free 
flame  produces  much  more  coloration  than  does  the  autoclave 
method  of  Benedict  and  Myers. 

'Dreibholz:  loc,  ciL 

•Weber:  Arch,  exp.  Path.  u.  Pharm.,  Iviii,  p.  93,  1907;  Domer:  Zettec^r. 
/.  physiol.  Chem.,  lii,  p.  227,  1907. 

*  Benedict:  Proceedings  Amer.  Soc.  Biol.  Chem.,  Baltimore,  Dec,  1911. 
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The  phosphoric  acid  method  is  now  used  by  the  writer  in  all 
human  urines,  either  normal  or  diabetic,  and  has  been  found  to 
give  very  satisfactory  results.  The  procedure  is  as  follows:  To 
10  cc.  of  urine  are  added  20  cc.  of  3  per  cent  phosphoric  acid,  and 
the  mixture  is  heated  for  thirty  minutes  in  the  autoclave  at  a  tem- 
perature of  1 17**  to  120°  C.  The  solution  is  then  cooled, neutralized, 
treated  with  sodium  hydroxide  and  picric  acid  as  in  the  Folin 
procedure,  and  allowed  to  stand  for  five  minutes.  At  the  expir- 
ation of  this  time,  it  is  diluted  to  a  volume  sufficient  to  make  the 
readings  in  the  colorimeter  lie  within  the  range  of  7  and  12  mm. 
In  the  presence  of  sugar  it  is  advisable  to  let  the  colored  solution 
stand  for  three  or  four  minutes  after  dilution  before  making  the 
readings.  Dextrose  itself  tends  to  give  a  faint  creatinine  reaction 
after  standing  five  to  ten  minutes  with  the  picric  acid  and  alkali. 
Fortunately,  however,  this  color  rapidly  fades  on  dilution,  and 
entirely  disappears  within  three  or  four  minutes.  This  delay 
causes  no  change  in  the  intensity  of  the  color  due  to  creatinine. 
It  is  necessary  to  avoid  heating  above  120°C.  and  the  use  of  acid 
stronger  than  3  per  cent.  At  higher  temperatures  and  with  acid 
of  greater  concentration,  creatinine  is  partially  destroyed. 

The  above  modification  has  been  used  in  several  hundred  crea- 
tine estimations  on  human  and  rabbits'  urines.  Its  accuracy 
has  been  thoroughly  tested  with  diabetic  and  normal  urines,  with 
and  without  the  addition  of  sugar,  with  and  without  the  addition 
of  creatine  and  creatinine;  and  in  pure  solutions  of  creatine 
and  creatinine  with  and  without  the  addition  of  sugar.  With 
widely  varying  amounts  of  creatine  and  creatinine,  and  in  the 
presence  of  dextrose  in  concentrations  up  to  8  per  cent,  it 
gives  results  as  near  theoretical  as  can  be  expected  for  a  col- 
orimetric  method  in  which  exactness  necessarily  depends  in  part 
upon  the  accuracy  of  the  eye.  Typical  series  of  determinations 
on  normal  and  diabetic  urines  are  shown  in  Tables  II  to  V.  The 
readings  tabulated  are  for  10  cc.  amounts  of  urine  diluted  to  vol- 
umes of  500  cc.  When  the  readings  came  below  7  or  above  12 
mm.,  the  greater  dilutions  were  used,  or  estimations  were  re- 
peated with  more  urine.  The  corresponding  readings  for  the  arbi- 
trary conditions  of  10  cc.  diluted  to  500  cc.  were  then  calculated. 

For  reasons  as  yet  undetermined,  the  phosphoric  acid  modi- 
fication does  not  give  satisfactory  results  with  dog's  urine.    Fre- 
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TABLE  IL 

Normal  human  urine. 


NUlfBBK 

DBTBKICXKATIOM 

FOR  10  OC.  UBIlfB 

Readlnis 

CraaUnlne 

1 

Preformed  creatininei 

mm. 

13.6 

13.2 

13.4 

13.2 

0.0 
8.9 
9.0 

6.0 
4.0 
6.0 
6.0 

mgm, 
5.96 

2 
3 
4 

5 
6 

7 

8 

9 

10 

11 

Total  creatinine  by  HCl-autoclave  method. . . 
Total  creatinine  by  HtPOi-autoclave  method . 
Same  as  3  +  0.6  gm.  dextrose  per  10  cc 

In  100  cc,  of  i?ie  same  urine  were  dissolved 
S4'S  mgm.  of  creaiine^  corresponding  to  S  mgm, 
of  creatinine  per  10  cc,  of  urine. 

Total  creatinine  by  HCl-autoclave  method . . 
Total  creatinine  by  HtPOi-autoclave  method 
Same  as  6  +  0.6  gm.  dextrose  per  10  cc 

In  a  second  portion  of  the  original  urine  were 
dissolved  116  mgm,  of  creatine  per  100  cc,, 
corresponding  to  10  mgm,  of  creatinine  per  10 
cc. 

Total  creatinine  by  HCl-autoclave  method . . . 
Total  creatinine  by  HtP04-autoclave  method . 

Same  as  9  +  0.6  gram  dextrose  per  10  cc 

Same  as  9  +  0.8  gram  dextrose  per  10  cc 

6.14 
6.04 
6.14 

0.00 
0.10 
0.00 

16.19 
16.52 
16.10 
16.10 

quently  the  result  for  the  total  creatinine  is  considerably  lower 
than  for  the  preformed.  Canine  urine,  as  is  well  known,  contains 
several  products  not  present  in  the  urine  of  man  or  of  rabbits. 
It  is  possible  that  the  presence  of  kynurenic  acid  or  of  ethyl  sul- 
phide may  be  the  disturbing  factor,  though  it  is  difficult  to  under- 
stand why  similar  results  are  not  obtained  with  hydrochloric  acid. 
The  matter  is  now  under  investigation,  and  it  is  hoped  that  in 
the  near  future  the  difficulties  in  obtaining  accurate  results  in 
the  urine  of  dogs  may  be  overcome. 

Krause*  has  recently  reported  that  the  presence  of  acetoacetic 
acid  causes  a  significant  increase  in  the  intensity  of  the  color  pro- 
duced by  picric  acid  and  sodium  hydroxide,  thereby  leading  to 
results  too  high  for  the  preformed  creatinine.    In  consequence 

*  Krause:  Qiuirt,  Joum,  of.  exp,  Physiol,,  iii,  p.  298,  1910. 
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9 
10 

11 


TABLE  ni. 
Normal  human  urine. 

DETERMINATION 


Preformed  creatinine 

Total  creatinine  by  HCl-autoclave  method . . 
Total  creatinine  by  H|P04-autoclave  method 

Same  as  3  -f  0.4  gram  dextrose  per  10  cc 

Same  as  3  -f  0.8  gram  dextrose  per  10  cc 


Creatine  added  to  urine— S. 48  mgm,  per  10 
cc,t  corresponding  to  S  mgm,  creatinine. 

Total  creatinine  by  HCl-autoclave  method  . 
Total  creatinine  by  HiP04-autoclave  method 
Same  as  7  -f  0.6  gram  dextrose  per  10  cc — 


Creatine  added  to  original  urine — II  .6  mgm. 
per  10  cc.y  corresponding  to  10  mgm.  create 
inine. 

Total  creatinine  by  HCl-autoclave  method  . 
Total  creatinine  by  H|P04-autoclave  method 
Same  as  10  +  0.6  gram  dextrose  per  10  cc — 


POR  10  cc.  URINE 

ReRdlngi     CrMUnloe 


7.6 
6.5 
6.6 
6.6 
6.6 


10.65 
12.46 
12.27 
12.46 
12.27 


6.1  I     16.87 

6.2  :     16.67 
6.1    I     16.87 


3.6 
3.6 
3.6 


23.14 
22.50 
22.50 


of  this,  the  creatine  values  are,  according  to  him,  correspondingly 
too  low.  He  further  states  that  the  presence  of  acetone  has  no 
influence  on  the  creatine-creatinine  estimations,  owing  to  the 
rapidity  with  which  the  color  produced  by  acetone  fades. 

To  test  the  influence  of  acetoacetic  acid  and  acetone,  a  series 
of  experiments  were  performed  in  which  varying  amounts  of  these 
substances  were  added  to  normal  urine,  and  the  creatinine  sub- 
sequently estimated.  Acetoacetic  acid,  in  quantities  not  exceed- 
ing 0.25  gram  per  100  cc.  of  urine,  produced  no  alteration  in 
the  readings,  provided  the  tests  were  allowed  to  stand  three  or 
four  minutes  after  dilution  before  making  the  readings.  During 
this  time  the  color  due  to  the  acetoacetic  acid  entirely  fades.  The 
result  in  one  such  test  was  as  follows:  To  100  cc.  of  normal  urine, 
which  contained  9.42  mgms.  of  preformed  creatinine  i>er  10  cc, 
was  added  the  amount  of  ethyl  acetoacetic  ester  equivalent  to 
0.25  gram  of  free  acid.    Creatinine  was  then  estimated,  three 


Digitized  byVjOOQlC 


William  C.  Rose 

TABLE  rV. 
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NtncBBm 

DSTEHMINAnON 

roBlOoo.  UBun 

Readings  |  CrMtlnlne 

1 

Preformed  creatinine 

mm, 
8.4 
7.9 
8.4 

6.6 
5.9 

4.1 
4.2 

mem, 
9.64 

2 
3 

4 
5 

6 

•7 

Total  creatinine  by  HCl-autoclave  method  . . 
Total  creatinine  by  HsPOi-autoclave  method . 

Creatine  added  to  urine— 4-^4  mgm.  per  10 
ec,  corresponding  to  4  rngtn,  creatinine. 

Total  creatinine  by  HCl-autoclave  method . 
Total  creatinine  by  HiPOi-autoclave  method. 

Creatine  added  to  urine — 11.6  mgm,  per  10 
CO.,  corresponding  to  10  mgm,  creatinine. 

Total  creatine  by  HCl-autoclave  method  — 
Total  creatinine  by  HtP04-autoclave  method 

10.26* 
9.64 

14. 46* 
13.72 

19.76 
19.28 

*  Nol«  higher  results  with  the  HCl  method  In  the  presence  of  destrose. 

TABLE  V. 
Severe  diabetes — t  per  cent  dextrose,  carbohydrate-free  diet. 


Mvummm 

DBTBRMINATIOM 

FOB  10  OC.  UBINB 

Readings 

Creatinine 

mm. 

mgm. 

I 

Preformed  creatinine 

13.4 

9.6 

11.2 

6.04 

2 
3 

Total  creatinine  by  HCl-autoclave  method  . . 
Total  creatinine  by  HtP04-autoclave  method 

8.44* 
7.23 

Creatine  added  to  urine — 5 .  4S  mgm,  per  10  cc, , 
corresponding  to  S  mgm.  creatinine. 

4 
6 
6 

Total  creatinine  by  HCl-autoclave'  method  . . 
Total  creatinine  by  HsP<!>4-autoclave  method 
Same  as  5  +  0.6  gm.  dextrose  per  10  cc 

Creatine  added  to  original  urine — 11.6  mgm, 
per  10  cc,   corresponding   to  10.0  mgm,   of 
creatinine. 

7.1 
8.D 
8.1 

11.40* 

10.12 

10.00 

7 
8 
9 

Total  creatinine  by  HCl-autoclave  method  . . 
Total  creatinine  by  HsP04-autoclave  method. 
Same  as  8  +  0.6  gram  dextrose  per  10  cc 

4.4 
4.7 
4.7 

18.40 
17.22 
17.22 

*  Note  the  effect  of  dextrose  on  the  estimations  by  ths  HCl  method. 
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minutes  being  allowed  for  fading.  The  readings  showed  the 
presence  of  9.31  mgms.  of  creatine  per  10  cc.  Manifestly, 
such  differences  are  well  within  the  limits  of  accuracy  of  the 
method.  In  larger  concentrations  acetoacetic  acid  tends  to  in- 
crease the  creatinine  values.  It  is  rare,  however,  that  a  specimen 
of  diabetic  urine  is  obtained  which  contains  more  than  0.25  per 
cent  of  acetoacetic  acid. 

Acetone  in  all  concentrations  is  without  influence  on  the  cre- 
atinine readings. 

It  is  evident,  therefore,  that  by  the  use  of  phosphoric  acid  in- 
stead of  hydrochloric  acid,  and  by  allowing  the  diluted  solutions 
to  stand  for  a  few  minutes  before  making  the  readings,  just  as 
accurate  estimations  of  creatine  and  creatinine  may  be  made  in 
diabetic  as  in  normal  urines. 
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FEEDING  EXPERIMENTS  WITH  FAT-FREE  FOOD 
MIXTURES.' 

By  THOMAS  B.  OSBORNE  and  LAFAYETTE  B.  MENDEL. 

With  the  Cooperation  of  Edna  L.  Ferrt. 

{From  the  Laboraiory  of  the  Connecticut  Agricultural  Experiment  StcUion, 

and  the  Sheffield  Laboratory  of  Physiological  Chemistry  in  Yale  Univer^ 

sity,  New  Havens  Connecticut,) 
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Proteins  (or  their  constituent  amino-acids*)  and  carbohydrates 
in  some  physiologically  available  form  are  indispensable  compon- 
ents of  the  diet.  If  either  of  them  are  entirely  eliminated  from  the 
food  intake  nutrition  sooner  or  later  becomes  notably  defective, 
however  liberal  the  energy  values  of  the  remaining  nutriment  may 
be.  The  ketonuria  and  acidosis  which  appear  along  with  other 
phenomena  when  carbohydrate  utilization  completely  fails  are 
familiar;  and  the  need  of  protein-nitrogen  is  one  of  the  fundamen- 
tal postulates  of  physiology. 

With  respect  to  the  actual  requirement  of  fat  on  the  part  of  the 
healthy  organism  there  is  at  present  almost  no  definite  information 
available.  Fats  are,  of  course,  commonly  found  present  in  greater 
or  lesser  abundance  in  every  dietary;  but  to  what  extent  they  rep- 
resent an  indispensable  need  of  the  animal  remains  to  be  learned. 
The  reason  why  this  apparently  fundamental  question  in  nutrition 
has  not  been  answered  before  is  presumably  attributable  to  the 
experimental  difficulties  inherent  in  its  solution.  Fats  or  fat-like 
substances  are  present  to  some  extent  in  the  majority  of  the  famil- 
iar food  materials,  from  which  they  can  be  completely  removed  only 
with  the  expenditure  of  considerable  e£fort  and  care;  and  the  at- 

*  The  expenses  of  this  investigation  were  shared  by  the  Connecticut  Agri- 
cultural Experiment  Station  and  the  Carnegie  Institution  of  Washington, 
D.C. 

*  Cf.  Abderhalden,  E. :  ZeiUchr,  f,  physiol.  Chem,,  Ixxvii,  p.22,  1912. 
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tempts  to  maintain  animala  on  artificially  prepared  mixtures  of 
isolated  food  substances  have,  until  lately,  met  with  little  success.* 

Associated  with  this  problem  is  the  possible  significance  of  that 
hereterogeneous  group  of  substances,  resembling  the  fats  in  certain 
physical  properties,  found  with  them  in  nature,  and  currently  des- 
ignated as  *'  lipoids. "  As  representatives  of  this  category  the  phos- 
phatides, and  cholesterols,  like  the  inorganic  salts,  are  found  present 
in  some  quantity  in  every  active  cell/  This  fact  of  itself  strongly 
suggests  for  them  some  preeminent  biochemical  importance;  but 
it  by  no  means  involves  the  necessity  of  their  being  furnished  as 
such  to  the  organism.  It  is  easily  conceivable  that  the  so- 
called  lipoids  can  be  synthesized  de  novo  by  the  animal  tissues  as 
they  unquestionably  are  by  plant  cells.  The  fact  that  the  food  sup- 
ply of  growing  organisms,  viz.,  milk  or  egg  components,  furnishes 
phosphatides  and  cholesterol  preformed  speaks  only  by  indirect 
suggestion  regarding  the  absolute  need  of  these  compounds  in  the 
diet.  Finally,  the  fact  that  in  tissues,  the  "lipoids"  are  so  closely 
associated  with  the  true  fats,  i.e.,  glycerides  of  fatty  acids,  by  no 
means  proves  that  the  biological  importance  of  the  two  groups  is 
comparable  or  their  significance  as  dietary  constitutents  the  same. 

The  question  of  the  rdle  of  fats  as  indispensable  factors  in  the  diet 
has  been  approached  by  Stepp.*  In  attempting  to  ascertain 
whether  animals  are  dependent  upon  their  food  supply  for  lipoids 
or  can  furnish  them  by  synthesis  like  plants,  he  fed  materials  ex- 
tracted with  ether  and  alcohol  to  mice  and  observed  the  effect  on  the 
nutritive  equilibrium  of  the  animals.  Obviously  this  method  of 
preparing  the  food  eliminated  true  fats  from  the  diet  at  the  same 
time.  Stepp's  observations  and  conclusions  deserve  to  be  care- 
fully examined  in  connection  with  the  problem  at  hand.  He  noted 
that  without  exception  his  mice  succumbed  in  a  few  weeks  when 
offered  otherwise  adequate  food  mixtures  that  had  been  thoroughly 
extracted.    The  deduction  is  made  that  the  nutritive  failure  is  due 

*  A  discussion  of  earlier  attempts  in  this  direction  ¥rill  be  found  in  our 
monograph:  Feeding  ExperimenU  with  Isolated  Pood-^vbstancee,  Carnegie 
Institution  of  Washington,  Publication  156,  Parts  I  and  II,  1011. 

*  For  a  general  description  of  the  so-called  lipoids,  their  occurrence  and 
possible  biochemical  significance,  see  Bang:  ^r^eb.  d.  Physiol.,  vi,  p.  131, 1907; 
viii,p.  463,  1909. 

*  Qtepp  iBiochem.  Zeitschr.,  xxii,  p.  452, 1909;  Verhandl.  Kongressesf.  inn. 
Med.,  xxviii,  p.  324,  1911;  ZeiUchr.f.  Biol.,  Ivii,  p.  135,  1911. 
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to  the  lack  of  certain  "lipoid"  substances,  because  the  addition  of 
alcohol-ether  extracts  of  materials  known  to  be  rich  in  this  type  of 
compound  sufficed  to  keep  the  animals  alive.  The  lacking  sub- 
stance is  assumed  not  to  be  inorganic,  since  the  addition  of  the  ash 
of  the  lipoid  extracts  made  from  the  food  material  failed  to  main- 
tain the  mice.  Furthermore — and  this  calls  for  emphasis  here — 
the  sustaining  component  is  asserted  not  to  be  ordinary  fat  inas- 
much as  the  addition  of  so  typical  a  fat  as  butter  failed  to  replace 
the  missing  lifensustaining  factor.  The  latter  was  found  to  be  ex- 
tractable  from  skimmed  milk  rather  than  from  the  cream  fraction. 
Quoting  Stepp: 

The  lif e^uBtaining  alcohol-ether-soluble  food  components,  in  the  absence 
of  which  mice  regularly  succumb,  are  not  fats.  This  is  shown,  aside  from  the 
experiments  in  which  butter  was  fed,  by  the  following  experiment :  On  a  diet 
of  extracted  foods  to  which  tripalmitin,  tristearin  and  triolein  are  added,  all 
the  animals  die  precisely  as  on  the  extracted  food  alone.  That  lecithin 
(Merck)  and  cholesterol  do  not  represent  the  sole  lipoids  essential  to  life  is 
shown  by  the  experiment  of  adding  them  to  the  extracted  food:  all  of  the 
animals  died.* 

It  is  rather  difficult  to  believe  that  skimmed  milk,  at  best  very 
deficient  in  ether-alcohol  soluble  components,  should  contain  an 
eminently  important  lipoid  in  any  adequate  amount  while  other 
materials,  like  butter,  which  must  contain  some  compounds  of  this 
t3rpe  are  inadequate.  However,  certain  of  these  lipoids  are  doubt- 
less highly  sensitive  to  chemical  change;  so  that  it  is  conceivable 
that  they  lose  their  physiological  potency  through  chemical  manip- 
ulation. Furthermore  the  recent  experiences  with  beri-beri  and 
other  forms  of  peripheral  neuritis  have  emphasized  how  small 
may  be  the  actual  amount  of  a  specific  substance  which  determines 
proper  physiological  functioning.' 

Stepp's  experiments  on  mice  by  no  means  solve  the  question 
which  we  have  raised  at  the  outset  with  regard  to  the  necessity  of 
fats  in  the  diet.  They  furnish  no  evidence  that  the  "lipoid'  'mix- 
tures which  he  employed  to  maintain  or  resuscitate  his  f^i^imftlg 
were  actually  free  from  true  fats,  though  the  quantities  in  some  cases 
(such  as  the  experiments  with  extract  of  skimmed  milk)  must  at 


•  Stepp:  ZeiUchr,  f,  Biol.,  Ivii,  p.  170,  1911. 
»  Cf.  Funk:  Jowm,  of  P^y»toi.,xliii,  p.  396,  1911. 
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best  have  been  exceedmgly  small.    Other  occasional  experiments 
in  the  literature*  are  of  too  brief  duration  to  settle  the  point. 

Employing  the  methods  which  were  adopted  in  our  earlier  feeding 
experiments  with  isolated  food  substances*  we  have  succeeded  in 
inducing  a  normal  rate  of  growth  in  white  rats  with  dietaries  devoid 
of  fat  throughout  almost  the  entire  period  during  which  growth 
ordinarily  continues.^®  Thefoods  were  prepared  by  mixing  carefully 
isolated  and  purified  proteins  with  starch,  sugar  and  "protein-free 
milk,""  the  latter  having  first  been  thoroughly  extracted  with 
ether.  The  starch  was  stirred  with  water,  heated  until  the  grains 
were  ruptured  and  then  the  other  ingredients  thoroughly  mixed 
with  the  starch  paste,  and  afterwards  dried  in  a  current  of  hot  air 
until  thin  cakes  of  desiccated  food  were  obtained.  These  were  then 
fed,  along  with  the  water,  to  the  rats  kept  in  the  metabolism  cages 
devised  for  these  studies.^'  Although  the  foods  may  certainly  be 
designated  as  fat-free,  it  is  perhaps  not  permissible  to  speak  of  them 
as  Upoid-free;  for  according  to  the  current  definition,  the  so-called 
"lipoids"  include  substances  soluble  in  hot  alcohol  which  may  not 
dissolve  in  ether.  None  of  our  isolated  food  materials  were  sub- 
jected to  extraction  with  hot  alcohol.  Undoubtedly  such  treat- 
ment would  remove  other  substances  as  well  as  lipoids  from  such 
a  mixture  as  the  "protein-free  milk."  This  fact  deserves  to  be 
emphasized,  as  does  the  necessity  of  conducting  ether  extractions 
under  appropriate  conditions.  When,  for  example,  a  specimen  of 
air-dry  "protein-free  milk"  was  extracted  with  ordinary  ether  it 

•  Cf.  hvanmertiP finger' 8  Archiv,  Ixxi,  p.  176, 1898. 

*  Cf .  Osborne,  T.  B.,  and  L.  B.  Mendel :  Feeding  ExperimenU  with  Isolated 
Food-Substances,  Carnegie  Institution  of  Washington,  Publication  156,  Parts 
I  and  II,  1911. 

^^  In  these,  as  in  all  our  other  experiments  in  which  very  young  animals 
exhibited  a  normal  rate  of  growth  on  mixtures  of  isolated  food-substances, 
we  have  not  yet  succeeded  in  bringing  the  animals  to  their  maximum  normal 
size  on  the  dietaries  employed.  This  failure  to  attain  complete  growth  in- 
volves some  factor  in  nutrition  other  than  the  fat  and  is  at  present  under 
investigation. 

^^  For  the  character  of  this  product  cf.  Osborne,  T.  B.,  and  L.  B.  Mendel : 
Feeding  Experiments  with  Isolated  Food-Substances,  Carnegie  Institution  of 
Washington,  Publication  166,  Parts  I  and  II,  1911;  and  Science,  xxxiv,  p.  722, 
1911. 

"  Cf.  Osborne,  T.  B.,  and  L.  B.  Mendel:  Zeitschr.  f.  biolog,  Technik  und 
Methodik,  1912. 
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yielded  over  2  per  cent  of  extract;  but  the  same  product  carefully 
dried  in  hydroi^  and  eictracted  with  anhydrous  ether  yielded  only 
0.13  per  cent  of  ether  extract,  which  was  not  increased  when  an 
alkali  solution  of  the  substance  was  shaken  out  with  benzine  and 
ether  according  to  the  method  commonly  applied  to  milk  pow- 
ders. Actual  extraction  of  the  foods  used  by  us  3aelded  not  more 
than  an  insignificant  trace  of  ether  extract. 


Chart  3.  Rat  533, 9  ;  Chart  4,  Rat  661, d*.    The  food  during  the  casein- 
f at^ree  period  had  the  following  percentage  composition : 
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Starch 

**  Artlfieiftl**  protoln-frBe  milk» . 


a.o 

SO.O 
».B 


100.0 


Illustrative  charts  of  our  feeding  trials  are  introduced  here.    The 
ordinates  of  the  curves  represent  body-weight  (solid  line)  or  food 


"  The  successful  use  of  this  purely  artificial  product  consisting  of  Ca,  1.07 ; 
Mg,  0.23;  Na,  2.03;  K,  2.66; PO4, 3.33;  CI, 4.13 ;S04, 0.30;  Fe,0.04;  atricacid, 
3.33;  Lactose,  82.0  per  cent,  has  been  described  by  Osborne  and  Mendel; 
Proe.  Soc,  of  Exp.  Biol,  and  Med.,  iz,  p.  73, 1912.  The  relatively  early  fail- 
ure to  continue  to  grow,  shown  by  chart  3,  was  caused  by  diseased  lungs 
which  terminated  the  life  of  Rat  533. 
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intake  (dotted  line)  in  grams;  the  abscissae  represent  days.  The 
average  (normal)  curve  of  growth,  plotted  from  body-weight  data 
available  for  normally  growing  animals  of  the  same  sex,  is  repre- 
sented by  a  broken  line  for  comparison.  In  period  1  of  all  curves 
the  rats  were  fed  on  ordinary  mixed  diet  or  by  the  mother. 
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Chart  5,  Rat  529,  cf .    The  fat-free  diet  had  the  following  percentage  com- 
position: 
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In  80  far  as  one  can  judge  by  appearance  ^d  body  weight  these 
experiments  with  fat-free  diets  show  growth  quite  as  successful  as 
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that  attained  with  natural  or  artificial  mixtures  of  all  the  types  of 
food  stufiFs.  Although  we  cannot  claim  a  complete  freedom  from 
''lipoids"  for  the  foods  prepared  as  described  above,  it  is  scarcely 

likely  that  products  so  carefully 
isolated  can  include  any  signifi- 
cant quantities  of  cerebrosides  or 
phosphatides.  This  is  peculiarly 
true  of  experiment  6  in  which  the 
sole  possibilities  of  contamination 
are  associated  with  the  recrystal- 
lized  phosphorus-free  protein 
edestin  and  refined  starch. 

McCollum^^  has  demonstrated 
that  the  phosphorus  needed  by  an 
animal  for  phosphatide  formar 
tion  can  be  drawn  from  inorganic 
phosphates,  and  that  phospha- 
tides can  be  synthesized  anew  in 
the  animal  body.  Rohmann^^ 
asserts  the  possibiUty  of  lecithin 
synthesis  in  mice  which  were 
maintained  into  the  second  gen- 
eration on  lecithin-free  food.  Our 
own  experiments  point  in  the 
same  direction  with  regard  to 
the  lipoids  in  general;  and  they 
give  positive  evidence  of  the  dis- 
pensableness  of  true  fats  for 
growth." 


Chart  6,  Rat  640,  cf.  The  fat- 
free  food  had  the  following  per- 
centage composition: 

Edestin 22.0 

Suorooe 20.0 

Staroh 28.5 

**  Artificial'*  protein  free-milk  .  20 . 5 

100.0 


^*  McColium:  Amer.  Journ,  of  Physiol.  ,10^,  p.  120,  1909;  McCoUum  and 
Halpin :  This  Journal,  xi,  1912,  Proc,  Soc.  BioL  Chem.,  p.  xiii;  also  Fingerling: 
Biochem.  Zeitschr.,  xxxviii,  p.  438, 1912. 

1*  R5hmann:BtocAemte,  1908,  p.  109. 

^*  In  agreement  with  Stepp,  we  have  not  yet  succeeded  similarly  in  induc- 
ing adequate  growth  in  mice  with  similar  diets.  Stepp,  who  used  crude  food 
substances,  is,  however,  cautious  in  his  statements.  He  says: "  Wenn  nach 
den  mitgeteiltenVersuchen  und  den  anschliessendenErdrterungen  der  Schluss 
sich  aufdr^ngt,  daaa  gevriaae  alkohol-Mherloaliche  Svhstanzen  fUr  die  Emdh- 
rung  von  Mdusen  unenibehrlich  sind,  so  mdchte  ich  diesen  Schluss  nicht  ohne 
eine  Einschrankung  aufrechterhalten.    Die  Untersucher,  die  sich  mit  dem 
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The  possibilities  of  the  method  of  study  introduced  by  us  are 
manifest.  The  problems  of  the  origin  of  fats  in  animals  and  their 
genesis  from  various  carbohydrates  or  proteins  are  thus  made  ap- 
proachable by  experiment.^^  We  hope  to  return  to  these  ques- 
tions later. 


Studiuin  der  lipoidebesch&ftigten,  haben,  wie  sohonkurzerwfthnt,  an  diesen 
Ki5rpen  Eigenfichaften  gefunden,  die  man  in  der  Chemie  bisher  kaum 
kannte.  Die  Lipoide  haben  eine  ganx  ausserordentliche  F&higkeit,  auf  die 
Ltelichkeit  anderer  Stoffe  einsuwirken  und  ihnen  Ldslichkeit  in  den  spezi- 
fisehen  lipoidlfiBungvmitteln  zu  verleihen,  in  denen  die  Stoffe  sonst  g&nzlich 
imktelich  Bind.  So  wftre  es  nicht  undenkbar,  dass  gemeinschaf tlich  mit  den 
Lipoiden  irgendwelche  unbekannte  lebenswichtige  Stoffe  in  L5sung  gehen 
und  daas  so  die  Lipoide  gewifisermassen  zu  Tr&gem  f  Or  diese  Stoffe  wtirden, 
da88  mit  anderen  Worten  bei  der  Entfernung  von  Lipoiden  die  unbekannten 
Kdrper  mit  entfemt  und  bei  Zusatz  von  Lipoiden  mit  diesen  zugesetzt  wer- 
den.  Ein  Hinweis  auf  eine  derartige  Mdglichkeit  erscheint  notwendig,  so- 
lange  es  nicht  gelingt,  die  Versuche  mit  chemisch  reinen  Kdrpern  durohzu- 
fQhrcn." 

^*Lummert  (PflUger'B  ArchiVj  Ixxi,  p.  176, 1808)  has  made  attempts  in  the 
same  direction. 
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RESEARCHES  ON  PURINES. 

ON  2-OX7-6,8,9-TRIMETHTLPnRINB,  2-OXT-6|9-DIM£THTL- 
PURINE  AND  2-OXT-8,  d-DDfSTHTLPUItlNB. 

(SEVBNTH  PAPBB.)^ 

Bt  carl  O.  JOHNS. 
(From  the  Sheffield  Laboratory  of  Yale  University.) 

(Received  for  publication,  May  21, 1912.) 

It  is  rather  remarkable  that  not  one  of  the  many  possible  isom" 
eridesof  themonoxy-trimethyl-purines  has  hitherto  been  described. 
If  compounds  of  this  type  are  produced  by  hydrolytic  or  enxy- 
motic  action  on  nucleoproteins  they  might  easily  be  overlooked, 
since  a  purine  derivative  containing  three  methyl  groups  and  only 
one  atom  of  oxygen  would  probably  be  very  soluble  in  water 
and  consequently  would  be  very  difficult  to  isolate.  2-Oxy-6,8,9- 
trimethylpurine,  which  is  described  in  this  communication,  is 
rather  soluble  in  water  notwithstanding  the  fact  that  two  of  the 
three  methyl  groups  are  attached  to  carbon  atoms.  If  two 
of  the  methyl  groups  were  llttached  to  nitrogen  atoms  in  the  purine 
molecule  the  solubility  would  undoubtedly  be  increased  to  a  high 


When  2-oxy-4-methyl-6-amino-6-methyl-aminopyrimidine  (I)' 
was  heated  with  acetic  anhydride  the  result  was  a  quantitative 
3rield  of  the  corresponding  monoacetyl-pyrimidine.  When  this 
compound  was  heated  at  225^  to  230*^0.  water  was  evolved  and 
2-oxy-6,8^9-trimethylpurine  (II)  was  produced.  This  purine  con- 
tained two  molecules  of  water  and  gave  a  picrate  that  decomposed 
at  253*C. 

Only  one  of  the  thirteen  isomerides  of  2-oxy-dimethylpurine 
has  been  described,  namely,  2-oxy-3,7-dimethylpurine  (IV)  which 
was  83mthesi2ed  by  Tafel.'  This  paper  contains  a  description  of. 
two  new  2-oxy-dimethylpurines  which  were  obtained  as  follows: 

^  This  Journal,  xi,  p.  303,  1912. 

*  Johns:  This  Journal,  xi,  p.  397,  1912. 

'Julius  Tafel:  Ber,  d,  deutseh,  ehem.  OeeeUech.,  xxxii,  p.  3201,  1899. 
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2-Oxy-6,9-dimethylpurine  (III)  was  prepared  by  the  action 
of  85  per  cent  formic  acid  on  2-oxy-4-methyI-5-amino-6-metbyl- 
ammopyrimidine  (I).  The  yield  was  ahnost  quantitative.  Tlie 
picrate  decomposed  with  effervescence  at  224*^0. 

When  2-oxy-5-am]no-6-methylam]nopyrimidine  (V)^  was  heated 
with  acetic  anhydride  at  160*"  to  ICO^'C.,  a  90  per  cent  yield  of  2- 
oxy-8,9-dimethylpurine  resulted.  This  purine  was  easily  soluble 
in  cold  water.    It  formed  a  picrate  that  decomposed  at  233^0. 

These  researches  will  be  continued. 
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EXPERIMENTAL  FART. 


C8H1SO2N4.     Four   grams   of   2-oxy-4-methyl-5-amino-6-methyl- 
aminopyrimidine^  were  mixed  with  40  cc.  of  acetic  anhydride  and 


*  Johns:  This  Journal,  ix,  p.  165,  1911. 
'  Johns:  Loc.  cit. 
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the  mixture  was  evaporated  to  dryness  on  a  steam  bath.  At  first 
a  bulky  compound  was  formed  but  this  gradually  changed  to  a 
granular  substance  as  the  evaporation  proceeded.  At  no  time 
did  complete  solution  take  place.  When  the  evaporation  had 
become  complete  a  little  alcohol  was  added  and  the  evaporation 
was  repeated  in  order  to  remove  the  last  traces  of  acetic  anhydride. 
The  residue  was  readily  soluble  in  cold  water  or  hot  alcohol  and  from 
the  latter  solvent  it  crystallized  out  almost  completely  on  cooling, 
forming  a  bulky  mass  of  hair-like  crystals.  These  began  to  shrink 
at  about  250^0.  and  turned  dark  alowly  above  that  temperature 
and  finally  decomposed  rapidly  at  290"^  to  SWC.  The  3rield  was 
almost  quantitative. 

Caleulatod  for 
CtHu0«N«:  Found: 

N 28.57  28.83 

S-OxySySfi-trimeihylpurine. 

N=C.CHi 

I       I 
OC     C— N 

CHj 

HN— C— NCHj 


II  > 


Four  grams  of  acetyl-2-oxy-4-methyl-6-amino-6-methylamino- 
pyrimidine  were  pulverized  and  heated  in  an  oil  bath  at  225°  to 
230^0.  until  water  ceased  to  escape.  The  resulting  residue  was 
dissolved  in  hot  water  and  the  solution  was  decolorized  with  blood 
coal.  On  cooling  this  solution,  colorless,  hair-like  crystals  were 
obtained.  These  crystals  were  easily  soluble  in  hot  and  moder- 
ately soluble  in  cold  water.  They  were  easily  soluble  in  hot  and 
sparingly  soluble  in  cold  alcohol  and  almost  insoluble  in  boiling 
benzene.  They  decomposed  at  about  275°C.  The  yield  was 
80  to  90  per  cent  of  the  calculated.  The  crystals  obtained  from 
the  aqueous  solution  formed  a  mat  and  were  difficult  to  dry  at 
room  temperature  and  when  dried  for  several  days  in  a  desiccator 
over  sulphuric  acid  they  stUl  retained  two  molecules  of  water  of 
ciystallization. 

I.  1.0787  gram  of  substance  lost  0.1877  gram  at  130''C. 
II.  1.8153  gram  of  substance  lost  0.3211  gram  at  ISO'^C. 
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4>lftnlftti>d  for 
CbHMONi.SHiO:  Fooml: 

I.  n. 

H,0 16.82  17.40      17.60 

0.2064  gram  of  anhydrous  substance  gave  0.4066  gram  of  COt  and  0.1045 
gram  of  HsO. 

Gftlcnkted  f or 
OHmON*:  Foond: 

C 63.03  53.09 

H 5.61  5.62 

N 31.46  31.45 

An  aqueous  solution  of  the  purine  did  not  give  precipitates  with 
barium  chloride  or  platinic  chloride. 

The  picrcUe,  C8H,oON4.C8Hf(NO,)«OH.  This  salt  crystallised 
out  slowly  when  a  solution  of  picric  acid  was  added  to  an  aqueous 
solution  of  2-oxy-6,8>9-trimethylpurine.  The  crjrstals  were  colum- 
nar in  shape  and  were  moderately  soluble  in  hot  and  difficultly 
soluble  in  cold  water.  They  began  to  darken  at  about  240*^0.  and 
effervesced  violently  at  263**C. 

Caloulatod  for 
aHMON4.aHt(NOs)«OH:  Found: 

N 24.08  24.17 

i-Oxy-SjQ-dimethylpurine. 


N=C  CHi 

1       I 
OC     C— N 


>CI 


HN— C— NCHi 

Two  grams  of  2-oxy-4-methyl-5-amino-6-metliylaminop3rrinii- 
dine  were  dissolved  in  20  cc.  of  85  per  cent  formic  acid  and  the 
solution  was  evaporated  to  dryness  on  a  steam  bath.  The  residue 
was  dissolved  in  dilute  ammonia  and  the  solution  was  decolorised 
with  blood  coal.  After  boiling  off  most  of  the  ammonia,  the  solu- 
tion was  acidified  with  acetic  acid.  On  cooling,  a  bulky  precip- 
itate composed  of  anhydrous,  hair-like  crystals  was  obtained. 
These  dissolved  in  about  400  parts  of  boiling  water  and  dissolved 
but  slightly  in  cold  water  or  boiling  alcohol.  They  were  not  sol- 
uble in  boiling  benzene.  They  did  not  melt  at  320^C.  The  yield 
was  almost  quantitative.  An  aqueous  solution  failed  to  give 
precipitates  with  barium  chloride  or  platinic  chloride. 
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0.2001  gram  of  subetance  gaveO.3785  gram  of  COt  and  0.0665  gram  of  HsO. 

OBkmlatad  for 
CiHgON«:  Found: 

C 61.22  51.58 

H 4.87  4.80 

I.  n. 

N 34.14      34.08       34.19 

The  picraie,  C7H80N4.CeHs(NOs)tOH.  This  salt  was  prepared 
by  adding  a  cold,  saturated,  aqueous  solution  of  picric  add  to  a 
hot,  saturated  solution  of  2-oxy-6,g-dimethylpurine.  On  cooling, 
the  picrate  deposited  as  long,  slender  prisms  that  decomposed  with 
effervescence  at  224^C. 

Caloulftted  f or 
OrHgON4.aH«(NOs)iOH:  Found: 

N 24.93  24.91 

B-OxySfi-dimethylpurine. 

N=CH 

I       I 
OC     C— N 

I      II       >CH. 
HN— C— NCHt 

Four  grams  of  pulverised  2-oxy-5-amino-6-methylaminopyri- 
midine^  were  heated  with  25  cc.  of  acetic  anhydride  for  one  hour 
in  an  oil  bath  which  was  kept  at  150*"  to  IGO^'C.  The  resulting 
solution  was  evaporated  to  drjmess  on  a  steam  bath  and  the  res- 
idue was  heated  for  an  hour  at  130^  to  140''C.  After  dissolving  in 
hot  water  and  clarifying,  on  cooling  rapidly  a  bulky  mass  of  slender 
prisms  was  obtained.  When  the  solution  was  cooled  slowly  the 
purine  crystallized  in  beautiful,  rather  stout  prisms.  These  were 
very  soluble  in  hot  and  moderately  soluble  in  cold  water.  They 
were  difficultly  soluble  in  hot  alcohol  and  insoluble  in  boiling  ben- 
aene.  They  did  not  melt  at  320''C.  The  yield  was  80  to  90  per  cent 
of  the  calculated.  A  cold  concentrated  solution  did  not  give  a 
precipitate  with  barium  chloride  but  gave  a  difficultly  soluble 
precipitate  with  platinic  chloride.  The  free  base  probably  con- 
tained water  of  crystallization  but  this  escaped  slowly  on  drying 

"Johns:  Loe,  cit. 
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over  sulphuric  acid  or  by  exposing  the  crystals  to  the  air  for  a  long 
time,  hence,  attempts  to  determine  water  gave  discordant  results. 
The  specimen  used  for  the  following  analyses  was  dried  at  130° 
to  140^C. 

0.1656  gram  of  substance  gave  0.3091  gram  of  COt  and  0.0709  gram  of 
HtO. 

Calcuktod  for 
OrHgON«:  Founds 

C 51.22  50.90 

H 4.87  4.75 

I.  II. 

N 34.14       34.10       34.13 

The  picrcUe,  C,H80N4.C8H,(NOi)tOH.  This  compound  precip- 
itated immediately  as  a  bulky  mass  of  needles  on  adding  a  solu- 
tion of  picric  acid  to  a  cold,  saturated  solution  of  2-oxy-8,9-di- 
methylpurine.  When  the  picrate  was  recrystallised  from  water 
it  formed  small,  stout  blocks.  These  decomposed  with  effer- 
vescence at  233''C. 

Calculated  for 
C7HiONi.CtHi(NOt)iOH:  Found: 

N 24.93  24.70 
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PHTTIN  AND  PTROPHOSPHORIC  ACID  ESTERS  OF 

INOSITE. 

SECOND  PAPER. 

By  R.  J.  ANDERSON. 

{From  the  Chemical  Laboraiory  of  New  York  AgrtcuUural  Experiment  St€Uton, 

Genepa,  N.  Y.) 

(Received  for  publication,  May  22, 1912.) 

In  the  last  report^  from  this  laboratory  on  the  subject  of  phytin, 
various  salts  of  ph3rtic  acid  were  described,  as  well  as  the  tetra- 
phosphoric  acid  ester  of  inosite.  Since  then  the  investigation  has 
been  continued  in  connection  with  another  problem  dealing  with 
the  form  in  which  phsrtin  exists  in  wheat  bran,  which  is  not  yet 
finished,  but  as  the  present  work  is  closely  related  to  that  reported 
earlier,  it  seems  advisable  to  publish  it  at  this  time. 

In  addition  to  the  salts  of  phytic  acid  described  before,  the  fol- 
lowing have  been  prepared: 

The  calcium-magnesium-potassium  phytate,  CeHi2027PeCa8Mg2 
Ks,  a  white  amorphous  powder  obtained  by  neutralizing  a  solution 
of  calcium-magnesium  phytate  in  dilute  hydrochloric  acid  with 
potassium  hydroxide. 

The  penta-calcium  phytate,  CeHuQtyPeCas,  is  obtained  as  a 
white  powder  on  precipitating  an  aqueous  solution  of  phyiic  acid 
with  calcium  acetate. 

The  tetra-calcium  phytate,  C6Hi6Q27P6Ca4  +  12H20,  is  obtained 
as  a  white  semicrystalline  or  fine  granular  powder  when  the  above 
penta-calcium  phytate  in  dilute  hydrochloric  acid  solution  is  evap- 
orated in  vacuum  in  the  presence  of  calcium  acetate. 

The  penta-magnesium  phytate,  CeHuOsTPeMg^  +  24H2O,  is 
obtained  as  a  crystalline  powder  when  an  aqueous  solution  of 
phytic  acid  and  excess  of  magnesium  acetate  is  evaporated  in 
vacuum. 

^  This  Journal,  xi,  p.  471,  1912,  and  Technical  Bulletin  19  of  the  N.  Y. 
Agricultural  Experiment  Station. 
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A  copper  salt,  CeHisOsyPeCu^,  corresponding  to  a  hexa-cupric 
phytate  is  obtained  when  ph3rtic  acid  is  precipitated  with  copper 
acetate. 

The  octansilver  phytate,  CeHieOsyPeAgs,  is  precipitated  as  a 
white  amorphous  powder  by  alcohol  from  an  aqueous  solution  of 
phytic  acid  containing  twelve  equivalents  of  silver  nitrate. 

The  hepta-silver  phsrtate,  CeHnOsTPeAgT,  results  when  the  dilute 
nitric  acid  solution  of  the  above  octa-silver  phytate  is  precipitated 
with  alcohol. 

^  Since  various  attempts  to  S3rnthesize  phytic  acid  or  to  prepare 
a  hexa-phosphoric  acid  ester  of  inosite  by  acting  on  inosite  with 
phosphoric  acid  lead  only  to  the  formation  of  the  tetra-phosphoric 
acid  ester  of  inosite,^  it  seemed  of  interest  to  determine  what  pro- 
ducts would  be  formed  when  acting  on  inosite  with  pyrophosphoric 
acid.  If  phytin  were  a  complex  pyrophosphoric  acid  compound 
of  inosite  as  suggested  by  Starkenstein'  it  appeared  not  impossible 
to  synthesize  it  from  these  constituents.  Such  a  synthesis  would 
be  of  considerable  theoretical  and  scientific  value  in  connection 
with  the  chemistry  of  ph3rtin  and  would  also  furnish  an  addi- 
tional proof  of  the  presence  of  pyrophosphoric  acid  compounds 
in  nature. 

Several  futile  efforts  were  made  in  this  direction  but  it  was  found 
that  the  reactions  tried  lead  only  to  pyrophosphoric  acid  esters  of 
inosite.  These  esters  are  very  easily  formed  but  their  purification 
is  very  difficult. 

When  acting  on  dry  inosite  (1  molecule)  with  dry  p3rrophosphoric 
acid  (3  molecules  or  sufficient  to  form  phytic  acid)  at  a  temperature 
of  200^-220^  C.  a  new  and  stable  ester  is  formed.  On  analysis, 
results  were  obtained  corresponding  to  a  di-pyrophosphoric  acid 
ester  of  inosite,  a  compound  isomeric  with  the  tetra-phosphoric 
acid  ester  described  in  a  former  paper. 

Attempts  to  isolate  the  reaction  product  by  the  method  described 
for  the  tetra-phosphoric  ester ,^  that  is,  by  precipitating  as  a  barium 
salt  with  alcohol  in  the  presence  of  hydrochloric  acid,  failed  at  first 
because  barium  pyrophosphate  is  as  insoluble  in  acidified  dilute 
alcohol  as  is  barium  phytate,  for  instance,  or  as  are  the  p3rropho8- 

*  Anderson:  loc.  cit. 

*  Biochem.  ZeitBchr.f  xxx,  p.  56. 

*  Anderson:  loe.  cit. 
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phoric  acid  esters.  Various  other  salts  were  tried  with  negative 
results;  the  p3rrophosphate  invariably  was  precipitated  at  the  same 
time. 

As  is  well  known,  pyrophosphoric  acid  when  boiled  with  dilute 
mineral  acids  is  veiy  easily  transformed  into  orthophosphoric  acid. 
The  isolation  of  the  new  ester  was  made  possible  by  taking  advan- 
tage of  this  property. 

In  the  last  paper^  it  was  reported  that  phytin,  when  dry  and  free 
from  mineral  acids,  is  stable;  that  drying  at  115^0.  caused  no 
appreciable  decomposition  and  that  no  inosite  could  be  isolated 
from  100  grams  of  phytin  after  drying  to  constant  weight  at  this 
temperature. 

Experience  since  then  has  shown  that  phytin  may  be  boiled  for 
hours  in  dilute  hydrochloric  or  sulphuric  acid  without  suffering 
marked  decomposition.  In  fact  it  may  be  boiled  for  days  with  30 
per  cent  sulphuric  acid  without  a  determinable  quantity  of  inosite 
being  formed.  This  seemed  strange  as  various  other  investigators 
have  emphasised  the  fact  that  phytin  is  very  easily  hydrolysed  and 
that  even  in  water  it  suffers  a  more  or  less  rapid  decomposition. 

The  action  of  nitric  acid  seems  to  cause  a  more  rapid  decomposi- 
tion for  even  the  purest  phytin  when  wanned  in  dilute  nitric  acid 
solution  with  ammonium  molybdate  gives  very  quickly  the  char- 
acteristic yellow  precipitate  of  ammonium-phosphomolybdate. 
Several  days,  however,  are  required  to  cause  complete  decomposi- 
tion in  dilute  nitric  acid  solution  at  a  temperature  of  60^-70^C. 
Quantitative  experiments  to  measure  the  rate  of  decomposition 
have  not  been  carried  out,  but  they  could  be  very  easily  as  the 
change  is  very  slow. 

The  following  will  illustrate  this  point: 

In  an  analysis  of  two  different  phytin  preparations  the  substance  was 
boiled  with  concentrated  nitric  acid  under  occasional  additions  of  concen- 
trated hydrochloric  acid  for  about  half  an  hour.  The  organic  matter  was 
destroyed  apparently  at  the  end  of  this  time  as  the  solution  was  practically 
colorless.  The  phosphorus  was  determined  in  this  solution  by  the  usual 
molybdate  method.  After  keeping  at  a  temperature  of  60*C.  for  one  hour 
the  precipitate  was  filtered  off  and  the  filtrate  again  warmed  on  the  water- 
bath  for  another  hour.  A  new  portion  of  the  yellow  precipitate  had  then 
formed  which  was  removed  by  filtration  and  the  filtrate  again  warmed  on 


*  Anderson:  loe.  cit. 
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the  water-bath.  A  yellow  precipitate  continued  to  form  slowly  but  continu- 
ously for  two  days  when  the  experiment  was  discontinued.  During  this 
time  the  water  lost  by  evaporation  was  replaced  from  time  to  time  and  small 
quantities  of  nitric  acid  were  also  added.  The  phosphorus  when  determined 
in  the  first  precipitate  and  in  that  which  formed  during  the  first  day  amounted 
to  9.92  and  10.25  per  cent  only;  whereas  when  determined  after  first  destroy- 
ing the  organic  matter  by  the  Neumann  method  14.42  and  15.23  per  cent 
respectively  were  found. 

In  another  case  100  grams  of  calcium  phytate  were  boiled  under  a  reflux 
condenser  with  about  300  cc.  of  30  per  cent  sulphuric  acid  continuously 
for  one  day ;  over  night  it  was  heated  on  the  water-bath  and  the  next  day 
the  boiling  was  continued  all  day.  After  precipitating  with  excess  of  barium 
hydroxide,  thorough  washing  in  hot  water,  removal  of  excess  of  barium  by 
carbon  dioxide  and  evaporating  on  the  water-bath,  no  inosite  could  be  found 
in  the  slight  residue  which  remained. 

To  determine  if  the  phytin  molecule  suffered  any  partial  decomposition 
on  boiling  with  dilute  acids  1  gram  of  phytic  acid,  dissolved  in  100  cc.  of 
water  acidified  with  10  cc.  of  5  N  hydrochloric  acid,  was  boiled  over  a  free 
flame  for  one  hour.  After  cooling,  barium  chloride  was  added  and  the  bar- 
ium phytate  precipitated  by  the  addition  of  alcohol.  The  substance  was 
twice  purified  by  precipitating  its  hydrochloric  acid  solution  with  alcohol. 
On  analysis,  results  were  obtained  which  showed  that  the  substance  was  a 
pure  tri-barium  phytate,  the  salt  which  is  always  obtained  under  the  above 
conditions  of  precipitation. 

In  view  of  this  relative  stability  of  the  phytin  molecule  it  was 
thought  that  the  pyrophosphoric  acid  ester  referred  to  above  might 
be  more  stable  than  the  pyrophosphoric  acid  in  the  reaction  mix- 
ture. Qualitative  experiments  showed  that  this  was  actually  the 
case. 

An  aqueous  solution  of  pyrophosphoric  acid,  acidified  with  hydro- 
chloric acid  and  a  solution  of  the  above  inosite-pyrophosphoric 
acid  reaction-mixture,  also  acidified  with  hydrochloric  acid,  were 
boiled  for  one  hour.  Some  barium  chloride  and  a  like  volume  of 
alcohol  were  then  added.  The  solution  containing  only  pyrophos- 
phoric acid  gave  no  precipitate,  while  before  boiling,  alcohol  pro- 
duced at  once  a  white  precipitate  of  barium  pyrophosphate.  The 
solution  containing  the  inosite-pyrophosphoric  acid  reaction-mix- 
ture gave  a  white  flocculent  precipitate — the  barium  salt  of  the 
new  ester. 

As  the  excess  of  the  p3rrophosphoric  acid  was  present  as  ortho- 
phosphoric  acid  after  boiling,  it  did  not  interfere  with  the  purifi- 
cation of  the  compound  by  the  dilute  acid  alcohol  method. 
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By  acting  on  dry  inosite  (1  molecule)  with  dry  pyrophosphoric 
acid  (6  molecules)  at  a  temperature  of  200®-220®C.  another  new 
pyrophosphoric  ester  was  obtained.  After  boiling,  as  before,  with 
dilute  hydrochloric  acid  and  purifying  as  the  barium  salt  this  pro- 
duct was  found  to  be  a  di-inosite  tri-pyrophosphoric  acid  ester; 
that  is,  its  molecule  is  evidently  made  up  of  2  molecules  of  di-py- 
rophosphoric  acid  esters  of  inosite  joined  through  1  molecule  of 
pyrophosphoric  acid  and,  accordingly,  it  corresponds  with  the 
following  formula: 

C«H6(0H),  O3  -  lP20,(OH)8]2 

> 

CcH6(OH)3  0,  =  [P,0,(OH)3]2 

It  is  evident  therefore  that  complex  compounds  such  as  phytic 
acid  is  supposed  to  be  cannot  be  formed  at  elevated  temperatures, 
as  in  the  various  reactions  tried  in  these  experiments  only  esters 
were  produced,  and  at  lower  temperatures  apparently  no  reaction 
takes  place.  These  compounds  are  in  physical  and  chemical  prop- 
erties very  similar  to  phytic  acid.  They  form  analogous  acid  salts 
which  in  appearance  and  solubility  seem  almost  indentical  with 
salts  of  phytic  acid.  Whether  esters,  such  as  above,  are  found  in 
nature  is  at  present  unknown.  It  is,  however,  not  impossible  that 
a  part  of  the  organically  bound  phosphorus  existing  in  plants  may 
be  present  in  some  such,  or  similar,  forms. 

The  silver  salts  previously  referred  to  were  prepared  in  the  hope 
that  they  might  serve  for  the  preparation  of  an  ester  of  phytic  acid 
with  which  molecular  weight  determinations  might  be  made.  As 
was  to  be  expected,  however,  only  acid  salts  were  obtained  and, 
as  such,  were  quite  useless  for  the  purpose  in  view.  In  the  reac- 
tion between  phytic  acid  and  silver  nitrate,  nitric  acid  is  of  course 
liberated  and  when  any  strong  acid  is  present  only  acid  phytates 
are  obtained. 

Efforts  made  to  prepare  an  ester  by  acting  on  sodium  phytate 
with  methyl-sulphate  proved  useless  as  no  ester  could  be  isolated. 
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Further  experiments  along  this  line  are  contemplated  and  will  be 
reported  later. 

In  an  article  concerning  the  phosphorus  compounds  found  in 
food  materials  which  appeared  in  a  Swedish  chemical  journal 
little  known  in  this  country  and  which  is  not  abstracted  by  any  of 
the  larger  chemical  journals,  a  valuable  contribution  to  the  chem- 
istry of  phytin  was  made  by  A.  Rising.*  Among  other  things  he 
describes  a  silver  phytate  of  the  following  composition:  C,  5.5; 
H,  1.08;  P,  13.  2  and  Ag  52.65  per  cent,  from  which  results  he  con- 
cludes that  it  must  represent  a  complex  p3rrophosphoric  acid  com- 
pound of  inosite.  It  is  noteworthy  that  this  author  and  E.  Stark- 
enstein,^  independently  and  practically  at  the  same  time,  expressed 
the  same  opinion,  viz:  that  phytin  represents  a  complex  p3rrophos- 
phoric  acid  compound  of  inosite. 

The  silver  salt  described  by  Rising  corresponds  to  the  hepta- 
silver  phytate  mentioned  in  this  paper.  He  proposes  the  empirical 
formula,  CeHiiAgePftOm  but  his  results  agree  equally  well  with  a 
hepta-silver  phsrtate,  CeHiTOiTPeAg?. 


CAzx:uLAno 

VOUMD  BT  XUINO 

FOUND  rOS  BBPTA- 
•4ILVBB     PBTTATB 

m  ram  laboba- 

TOBY 

c 

4.02 

1.16 

12.72 

51.64 

5.50 

1.08 

13.20 

52.65 

H 

P 

13.02 

Ag 

52.43 

From  the  above  there  appears  to  be  no  doubt  that  these  salts 
are  indentical. 

The  several  salts  of  ph3rtic  acid  reported  in  this  paper  were  pre- 
pared from  previously  purified  and  analyzed  phytic  acid  and  for 
this  reason  it  was  deemed  quite  superfluous  to  make  carbon  and 
hydrogen  determinations  on  each  salt. 


•  Svensk  Kemisk  Tidekrift,  xxii,  7,  p.  143,  1910.  I  am  indebted  to  Mr.  A. 
R.  Rofle  of  Columbia  University  for  this  as  well  as  for  many  other  valuable 
references. 

'  Loe,  eit. 
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SXFBBIHSNTAL  PABT. 

Calcium  magnesium  potassium  phytaie. 

Two  grams  of  phytic  acid  were  dissolved  in  about  100  cc.  of  water, 
0.224  gram  of  MgO  (2  molecules),  and  0.84  gram  CaCOs  (3  mole- 
cules) added.  The  MgO  dissolved  at  once  and  nearly  all  the  cal- 
cium carbonate  but  the  salt  of  phjrtic  acid  was  precipitated  at  the 
same  time  as  a  white  precipitate.  This  was  dissolved  by  a  few 
drops  of  hydrochloric  acid,  the  solution  filtered  and  the  filtrate 
rendered  slightly  alkaline  to  litmus  with  potassium  hydroxide. 
After  the  precipitate  had  settled  it  was  filtered  off,  washed  well  in 
SO  per  cent  alcohol,  alcohol  and  ether  and  dried  in  vacuum  over 
sulphuric  add.  The  product  was  a  fine  white  amorphous  powder. 
It  was  free  from  chlorine.  On  moist  litmus  paper  it  showed  a 
faintly  alkaline  reaction.  It  was  slightly  soluble  in  water  but 
readily  soluble  in  dilute  acids.    Yield,  2.9  grams. 

After  drying  at  105**  in  vacuum  over  pho^horus  pentoxide  it 
was  analyzed. 

For  CfHisOiTPiCaaMgiKt  -  948: 

Calculated Ca,,  12.65;  Mg,  5.12;  K,  8.24;  P,  19.60  per  cent. 

Found Ca,*13.03;  Mg,  4.29;  K,  6.42;  P,  19.07  per  cent. 

This  shows  the  difficulty  of  obtaining  pure  salts  of  phytic  acid 
when  several  bases  are  combined  in  the  same  molecule  of  the  salt. 

PerUa-calcium  phytate. 

One  gram  of  phytic  acid  was  dissolved  in  about  50  cc.  of  water 
and  excess  of  calcium  acetate  added.  On  the  first  addition  of  the 
calcium  acetate  a  white  precipitate  is  produced,  but  on  shaking, 
this  redissolves  and  only  after  a  liberal  excess  of  the  acetate  has 
been  added  is  the  precipitate  permanent.  After  settling,  the  pro- 
duct was  filtered  and  thoroughly  washed  in  50  per  cent  alcohol, 
alcohol  and  ether  and  dried  in  vacuum  over  sulphuric  acid.  The 
substance  was  a  perfectly  white  amorphous  powder.  On  moist 
litmus  paper  it  showed  an  acid  reaction.  It  is  only  slightly  soluble 
in  water,  readily  soluble  in  dilute  mineral  acids,  less  soluble  in 
acetic  acid. 
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For  analysis  it  was  dried  at  105®  in  vacuum  over  phosphorus 
pentoxide. 

For  C^HuOiTPiCai  -  904: 

Calculated Ca,  22.12;  P,  20.57  per  cent 

Found Ca,  22.46;  P,  20.62  per  cent. 

Tetra-ccUdum  phytate. 

Various  attempts  were  made  to  obtain  a  penta-calcium  phytate 
in  crystalline  form  without  success.  A  tetra-calcium  phytate  was 
finally  obtained  by  the  following  method : 

The  penta-calcium  phytate  was  dissolved  in  a  small  quantity  of 
0.5  per  cent  hydrochloric  acid,  a  concentrated  solution  of  calcium 
acetate  was  added  lurtil  a  permanent  precipitate  remained  which 
was  then  dissolved  by  the  addition  of  a  few  drops  of  dilute  hydro- 
chloric acid.  On  now  concentrating  in  vacuiun  to  somewhat  less 
than  half  the  bulk  at  a  temperature  of  40®  the  calciuift  salt  separates. 
The  product  was  filtered  off,  washed  thoroughly  in  50  per  cent 
alcohol  and  ether  and  dried  in  the  air.  The  substance  was  a  white 
semicrystalline  or  fine  granular  powder  of  irregular  form.  Its 
solubUity  was  practically  the  same  as  for  the  penta-calcium  phytate. 
It  was  free  from  chlorine. 

On  drying  at  105®  in  vacuum  over  phosphorus  pentoxide  the  sub- 
stance lost  water  corresponding  to  12  H2O. 

0.2120  gram  substance:  0.0422  gram  HjO. 

0.1238  gram  substance  gave  0.0308  gram  CaO  and  0.0967  gram  MgsPiOT. 

0.1857  gram  substance  gave  0.0456  gram  CaO  and  0.1448  gram  MgsPtOr. 

For  CtHitOirPiCa*  -  866: 

Calculated Ca,  18.47;  P,  21.47  per  cent. 

-p,        ,  fCa,  17.78;  P,  21.77  per  cent. 

"     \Ca,  17.56;  P,  21.73  per  cent. 

For  12  HjO,  calculated:  19.96;  found:  19.90  per  cent. 

Penia-magnesium  phytate. 

Two  and  five-tenths  grams  phytic  acid  were  dissolved  in  about 
100  cc.  of  water  and  a  concentrated  solution  of  magnesium  acetate 
was  added.  This  did  not  cause  any  precipitate  nor  could  the  sub- 
stance be  brought  to  crystallization  by  any  of  the  usual  methods. 
The  solution  was  then  concentrated  to  about  half  its  bulk  in  vacuum 
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at  a  temperature  of  35**  to  40**.  As  the  concentration  proceeded 
the  substance  began  to  separate  as  a  heavy  powder.  This  was 
filtered  o£f,  well  washed  in  dilute  alcohol,  alcohol  and  ether  and 
dried  in  the  air.  The  product  was  a  perfectly  white  semi-crystall- 
ine or  loose  granular  powder  of  irregular  form.  On  moist  litmus 
paper  it  showed  an  acid  reaction.  It  was  slightly  soluble  in  water, 
readily  soluble  in  acids. 

For  analysis  it  was  dried  at  105*  in  vacuum  over  phosphorus 
pentoxide.    It  lost  water  corresponding  to  24  HjO. 

0.1504  gram  substance  gave  0.0510  gram  HsO. 
0.0997  gram  substance  gave  0.0671  gram  MgsPsOr  for  Mg. 
0.0498  gram  substance  gave  0.0393  gram  MgiPsO?  for  P. 
ForC6Hi40,7PeMgi'=  825.5: 

Calculated >. .  .Mg,  14.71;  P,  22.53  per  cent. 

Found Mg,  14.69;  P,  21.99  per  cent. 

For  24  HsO,  calculated:  34.36;  found:  33.91  per  cent. 

Hexa-copper  phytate. 

This  salt  is  precipitated  directly  from  phytic  acid  solutions  by 
copper  acetate.  It  is  difficult,  however,  to  obtain  a  pure  compound 
as  it  is  apt  to  contain  either  too  little  or  too  much  copper,  depend- 
ing upon  the  conditions  imder  which  the  precipitate  is  formed. 
In  the  purification  of  phytic  acid  it  is  usual  to  remove  other  bases 
which  are  present  by  repeatedly  precipitating  with  barium  chloride ; 
the  barium  salt  which  is  finally  obtained  is  then  decomposed  with 
sulphuric  acid.  It  is  found,  however,  that  if  only  the  calculated 
quantity  of  sulphuric  acid  is  used  the  barium  sulphate  which  is 
formed  is  in  such  an  extremely  fine  condition  that  it  is  impossible 
to  remove  it  completely  either  by  repeated  filtrations  or  even  by 
long  centrifuging.  But  if  a  slight  excess  of  sulphuric  acid  is  used 
the  barium  sulphate  in  the  course  of  only  a  few  hours  becomes  heavy 
and  granular  and  may  be  easily  removed  by  simple  filtration.  In 
order  to  get  rid  of  the  excess  of  sulphuric  acid  the  solution  is  now 
precipitated  with  copper  acetate.  The  copper  salt  can  be  easily 
washed  free  of  the  sulphate  and  acetate  with  water  as  it  is  very 
slightly  soluble  in  very  dilute  acids.  The  pure  copper  salt  is  then 
easily  decomposed  with  hydrogen  sulphide  and  the  free  phytic 
acid  obtained. 
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The  copper  phytate  obtained  from  such  slightly  acid  solutions 
analyzed  and  the  following  results  obtained: 

For  C«HisOs7PtCut  -  1083: 

Calculated Cu,  35.18;  P,  17.17  per  cent. 

Found Cu,  33.64;  P,  16.88  per  cent. 

Pure  phytic  acid  in  water  was  precipitated  with  pure  copper  ace- 
tate when  a  compound  was  obtained  which  had  the  following  com- 
position: 

Cu,  37.57;  P,  15.13  per  cent. 

It  is  seen  from  above  that  from  slightly  acid  solutions  of  ph3rtic 
acid  a  copper  salt  is  precipitated  which  contains  somewhat  too 
little  copper  while  from  an  aqueous  phytic  acid  solution  a  salt  is 
obtained  which  contains  over  2  per  cent  excess  of  copper. 

The  copper  phytate  is,  like  all  other  phytates,  exceedingly  soluble 
in  10  per  cent  phytic  acid.  It  dissolves  readily  until  a  thick  heavy 
syrup  is  formed,  but  it  was  found  impossible  to  bring  this  solution  to 
crystallization.  Both  of  the  above  copper  salts  show  an  acid  reac- 
tion on  moist  litmus  paper.  The  red  color  is  only  developed  slowly 
and  is  probably  due  to  hydrolysis. 

Octa-silver  phytate. 

This  salt  is  obtained  when  an  aqueous  solution  of  phytic  acid, 
mixed  with  twelve  equivalents  of  silver  nitrate,  is  precipitated 
with  alcohol.  The  product  is  a  heavy,  white  flocculent  precipi- 
tate which  settles  at  once.  It  was  filtered  oflF,  washed  in  dilute 
alcohol,  alcohol  and  ether  and  dried  in  vacuiun  over  sulphuric  acid. 
The  product  is  only  slightly  affected  by  light  but  on  continued 
exposure  turns  first  yellowish  and  later  dark  in  color.  In  the  dry 
state  it  is  a  heavy  white  amorphous  powder  of  acid  reaction  on 
moist  litmus  paper.  It  is  very  soluble  in  dilute  nitric  acid  and 
exceedingly  soluble  in  ph3rtic  acid.  Many  attempts  were  made  to 
bring  it  to  crystallization  from  the  latter  solution  without  success. 

For  analysis  it  was  dried  at  105^  in  vacuiun  over  phosphorus 
pentoxide. 

For  CeHuOirPiAgi  -  1569: 

Calculated Ag,  55.00;  P,  11.85  per  cent. 

Found Ag,  55.98;  P,  11.94  per  cent. 
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Hepta-sUver  phytate. 

This  salt  is  obtained  when  the  octa-silver  phytate,  dissolved  in 
dilute  nitric  acid,  is  precipitated  with  alcohol.  The  precipitate 
after  filtering,  washing  and  drying  as  before  was  analyzed.  In 
appearance  and  properties  it  was  identical  with  the  octa  salt. 

ForCOinOjTPiAgT  =  1462: 

Calculated Ag,  61.64;  P,  12.72  per  cent. 

Found Ag,  62.43;  P,  13.02  per  cent. 

Di'pyrophosphoric  add  ester  of  inosite. 

Dry  pyrophosphoric  acid,  17.02  grams  (little  over  9  molecules), 
was  heated  in  a  flask  in  an  oil  bath  to  about  200^  and  5.4  grams 
(3  molecules  )of  dry  inosite  added.  At  this  temperature  the  inosite 
dissolved  at  once,  forming  a  thick  reddish-brown  colored  solution. 
After  heating  to  220^  for  a  few  minutes  the  flask  was  removed  and 
allowed  to  cool.  The  reaction  mixture  was  dissolved  in  500  cc. 
of  water,  20  cc.  of  5  N  hydrochloric  acid  added  and  the  whole  boiled 
for  about  one  hour.  At  the  end  of  this  time  the  excess  of  the  pyro- 
phosphoric acid  has  become  changed  to  ortho-phosphoric  acid  and 
as  such  does  not  interfere  with  the  precipitation  of  the  barium 
salt  of  the  ester  with  alcohol. 

After  cooling  the  above  solution  containing  the  new  ester  it  was 
diluted  to  1  liter  with  water,  a  solution  of  40  grams  of  bariimi  chloride 
in  water  was  added  and  the  barium  salt  of  the  ester  was  then  pre- 
cipitated by  adding  1  liter  of  alcohol.  The  resulting  precipitate 
was  filtered  off  at  once  and  for  the  purpose  of  removing  adhering 
inorganic  phosphate  was  precipitated  twice  from  0.5  per  cent  hydro- 
chloric acid,  in  the  presence  of  a  small  quantity  of  barium  chloride, 
with  alcohol  and  then  twice  from  the  same  strength  hydrochloric 
acid  with  alcohol.  After  finally  filtering  and  thoroughly  washing 
in  50  per  cent  alcohol,  alcohol  and  ether  it  was  dried  in  vacuum  over 
stilphuric  acid.  The  product  so  obtained  was  a  white  amorphous 
powder.  In  appearance  it  was  very  similar  to  the  tribarium  phy- 
tate and  the  barium  salt  of  thetetra-phosphoric  acid  ester  of  inosite 
except  that  when  precipitated  with  alcohol  the  particles  appeared 
coarser.  On  moist  litmus  paper  it  showed  strong  acid  reaction. 
It  was  readily  soluble  in  dilute  hydrochloric  and  nitric  acids,  less 
soluble  in  acetic  acid,  very  slightly  soluble  in  water  and  exceedingly 
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soluble  in  10  per  cent  phytic  acid.    It  was  free  from  chlorine. 
Yield,  11.8  grams. 

After  drying  at  105®  in  vacuum  over  phosphorus  pentoxide  the 
substance  was  analyzed. 

0.2617  gram  substance  gave  0.0421  gram  HiO  and  0.1016  gram  COx. 
0.2796  gram  substance  gave  0.0488  gram  HsO  and  0.1080  gram  COt. 
0.2566  gram  substance  gave  0.1495  gram  Ba  8O4  and  0.1443  gram  MgiPsO?. 
p        ,  /C,  10.58;  H,  1.80;  P,  15.67;  Ba,  34.28  per  cent. 
\C,  10.53;  H,  1.95  per  cent. 

The  substance  was  not  yet  pure  being  probably  mixed  with  some 
mono-pyrophosphoric  acid  ester  of  inosite;  at  least  the  high  carbon 
and  low  phosphorus  points  to  such  a  conclusion. 

It  was  hoped  that  the  exceeding,  solubility  of  the  substance  in 
phytic  acid  might  serve  to  separate  these  bodies.  For  this  purpose 
the  whole  substance  was  dissolved  in  20  cc.  of  10  per  cent  phjrtic 
acid.  On  diluting  with  water  a  portion  of  the  substance  separated 
as  a  heavy  granular  powder.  To  complete  the  separation  100  cc. 
of  water  was  added  and  then  allowed  to  stand  two  days  at  room 
temperature.  This  precipitate  was  discarded,  as  analysis  after 
purifying  by  precipitating  from  0.5  per  cent  hydrochloric  acid  with 
alcohol,  showed  that  it  was  still  impure  and  only  O.Ogram  had  been 
obtained.  The  great  bulk  of  the  substance  was  accordingly  con- 
tained in  the  filtrate  from  the  above.  This  filtrate  was  diluted  to 
300  cc.  with  water  and  then  precipitated  by  adding  300  cc.  of  alco- 
hol. The  voluminous  white  precipitate  was  filtered  off,  washed 
thoroughly  in  50  per  cent  alcohol  and  alcohol.  For  purification  it 
was  dissolved  in  0.5  per  cent  hydrochloric  acid  and  precipitated 
by  alcohol.  After  filtering  and  thoroughly  washing  in  dilute  alco- 
hol until  free  from  chlorine  it  was  washed  in  alcohol  and  ether  and 
dried  in  vacuum  over  sulphuric  acid.  The  product  so  obtained 
was  a  pure  white  amorphous  i>owder.  On  moist  litmus  paper  it 
showed  a  strong  acid  reaction.  The  solubility  corresponded  with 
that  previously  observed.    Yield,  7.7  grams. 

For  analysis  it  was  dried  at  105^  in  vacuum  over  phosphorus 
pentoxide. 

0.2914  gram  substance  gave  0.0440  gram  HtO  and  0.1026  gram  COs. 
0.1667  gram  substance  gave  0.0977  gram  Ba  SO4  and  0.0960  gram  MgiPsOr. 
For  CtH,(0H)40,(P,0,HBa),  =  770.7: 

Calculated C,  9.34;  H,  1.55;  P,  16.08;  Ba,  35.64  per  cent. 

Found C,  9.60;  H,  1.68;  P,  16.05;  Ba,  34.48  per  cent. 
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The  barium  was  found  to  be  a  little  low  but  this  is  compensated 
for  through  a  slightly  high  carbon  content;  moreover  it  is  some- 
times difficult  to  obtain  amorphous  salts  of  this  kind  which  show 
closer  agreement  than  the  above.  The  analysis  leaves  no  doubt 
that  the  substance  was  the  barium  salt  of  the  ester  in  question. 
It  will  be  noticed  that  the  di-pyrophosphoric  acid  ester  is  isomeric 
with  the  tetra-phosphoric  acid  ester  of  inosite  previously  referred 
to.  Lack  of  time  has  prevented  the  determination  of  the  free 
alcoholic  (OH)  groups  in  the  inosite  ring  in  either  of  these  com- 
poimds.    Experiments  along  this  line  are  contemplated,  however. 

That  the  reaction  between  the  inosite  and  the  pyrophosphoric 
acid  actually  occured  along  the  lines  discussed  above  may  be  judged 
by  the  amount  of  water  given  otL  To  determine  this  point  0.36 
grams  inosite  (1  molecule)  and  1.06  gram  pyrophosphoric  acid  (3 
molecules),  both  previously  dried  at  lOO^C,  were  heated  in  a  small 
flask  in  an  oil  bath  at  200^-220^  under  the  same  conditions  as 
in  the  above  experiment.  The  water,  which  began  to  come  over 
at  a  temperature  of  about  200®,  was  collected  in  a  weighed  calcium- 
chloride  tube.  The  aqueous  vapK)rs  were  removed  by  means  of  the 
suction  pump  but  no  special  e£fort  was  made  to  secure  quantitative 
results.  The  water  obtained  weighed  0.0494  gram  whereas  the 
quantity  calculated  for  2  molecules  H2O  is  0.072  gram.  The  amount 
obtained  is  therefore  only  about  68  per  cent  of  the  theory. 

Preparation  of  the  free  di-pyrophosphoric  ester. 

The  air-dried  barium  salt  of  the  ester  (4  gram)  was  suspended 
in  water  and  decomposed  with  a  slight  excess  of  sulphuric  acid, 
the  barium  sulphate  was  removed  and  the  solution  precipitated 
with  copper  acetate.  The  copper  salt  was  filtered  o£f,  thoroughly 
washed  in  water,  suspended  in  water  and  decomposed  with  hydro- 
gen sulphide.  It  was  found  impossible  to  remove  the  copper  sul- 
phide completely  by  filtration  as  it  formed  a  colloidal  solution,  but 
by  acidifying  with  a  few  drops  of  hydrochloric  acid  and  heating  to 
boiling  the  copper  sulphide  was  precipitated.  After  filtering,  the 
filtrate  was  evaporated  several  times  in  vacuum  for  the  removal 
of  the  hydrochloric  acid  and  finally  dried  in  vacuum  over  sulphuric 
acid  and  potassium  hydroxide  until  it  was  of  a  thick  syrupy  consist- 
ency.   The  product  obtained  was  of  the  same  appearance  as  phytic 
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acid  or  the  tetra-phosphoric  ester,  viz. :  a  thick  light  amber  colored 
liquid.    After  drying  at  105^  the  substance  was  analyzed. 

0.1709  gram  substance  gave  0.0552  gram  HsO  and  0.0892  gram  COs. 
0.1739  gram  substance  gave  0.1517  gram  MgiPsO?. 

For  C,H.(0H)40,[P,0,(0H),],  =  600: 

Calculated C,  14.40;  H,  3.2D;  P,  24.80  per  cent. 

Found C,  14.23;  H,  3.61;  P,  24.31  per  cent. 

Properties  of  the  free  dirpyrophosphoric  ester. 

The  concentrated  aqueous  solution  is  a  thick  light  amber  colored 
syrup.  On  longer  drying  over  sulphuric  acid  it  becomes  a  hard  and 
brittle  hygroscopic  mass. 

The  aqueous  solution  is  of  strong  acid  reaction  and  sharp  acid 
taste. 

With  barium  chloride  no  precipitate  is  produced  either  in  the 
cold  or  on  heating;  alcohol  or  ammonia  produces  a  white  precipitate 
in  this  solution. 

Calcium  chloride  gives  no  precipitate  even  on  heating  but  alcohol 
causes  in  this  solution  a  voluminous  flocculent  precipitate. 

Calcium  acetate  produces  at  once  a  white  precipitate  sparingly 
soluble  in  acetic  but  readily  soluble  in  mineral  acids. 

Magnesium  acetate  gives  a  white  precipitate  readily  soluble  in 
acids. 

Ferric  chloride  gives  a  white  or  faintly  yellowish  precipitate  very 
sparingly  soluble  in  acids. 

Barium  acetate  gives  a  white  precipitate  sparingly  soluble  in 
acetic  acid  but  readily  soluble  in  dilute  hydrochloric  or  nitric  acids. 

Dilute  silver  nitrate  does  not  cause  a  precipitate  but  concen- 
trated silver  nitrate  gives  a  white  precipitate. 

With  ordinary  molybdate  solution  no  precipitate  is  produced 
but  neutral  molybdate  gives  a  white  precipitate  which  slowly 
turns  yellowish  in  color.  On  drying  at  106*  the  substance  turns 
very  dark  in  color. 

Inosite  from  di-pyrophospharic  ester. 

The  free  ester,  0.65  gram,  was  heated  with  20  cc.  of  5n  sulphuric 
acid  in  a  sealed' tube  to  150*  for  about  three  hours.    The  inosite 
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was  isolated  by  the  usual  method  and  ciystallized  from  dilute  alcohol 
after  addition  of  ether.  After  recr3rstallizing  from  hot  dilute  alcohol, 
adding  ether  and  allowing  to  stand  several  hours  in  the  cold,  the 
substance  was  obtained  in  small,  colorless  crystals  free  from  water 
of  crystallization:  Yield,  0.18  gram  or  75  per  cent  of  the  theory. 
The  air-dried,  water-free  substance  melted  at  221®C.  (uncorrected) 
and  it  gave  the  reaction  of  Scherer.  Dr3ring  at  110**  for  one  hour 
caused  no  loss  of  weight.  On  analysis  the  following  results  were 
obtained: 

0.1634  gram  substance  gave  0.0981  H«0  and  0.2374  gram  COs. 
For  CJIwOt  -  180: 

Calculated C,  40.00;  H,  6.66  per  cent. 

Found C,  39.62;  H,  6.71  per  cent. 

Di'inoaite  tri-pyrophosphoric  acid  ester. 

This  ester  is  formed  when  dry  inosite  is  heated  with  excess  of 
pyrophosphoric  acid.  The  molecule  of  the  new  ester  evidently 
consbts  of  2  molecules  of  di-pyrophosphoric  acid  esters  of  inosite 
joined  by  1  molecule  of  pyrophosphoric  acid. 

Dry  inosite,  1.8  grams  (1  molecule),  was  heated  with  10.7  grams 
(6  molecules)  of  pyrophosphoric  acid  under  the  same  conditions  as 
described  for  the  di-pyrophosphoric  ester  and  it  was  isolated  as 
the  barium  salt  in  exactly  the  same  way.  After  precipitating  five 
times  from  0.5  per  cent  hydrochloric  acid  with  alcohol  the  product 
was  finally  obtained  as  a  perfectly  white  amorphous  powder.  Its 
solubilities  corresponded  practically  with  those  mentioned  for 
the  di-pyrophosphoric  acid  ester  and  likewise  it  showed  a  strong 
acid  reaction  on  moist  litmus  paper. 

For  analysis  it  was  dried  at  105**  in  vacuum  over  phosphorus 
pentoxide. 

0.2086  gram  substance  gave  0.0296  gram  HsO  and  0.0614  gram  COs. 
0.1412  gram  substance  gave  0.0879  gram  BaS04  and  0.0844  gram  MgtPsOy. 
Found C,  8.02;  H,  1.58;  P,  16.66;  Ba,  36.63  per  cent. 

This  substance  was  then  again  precipitated  twice  from  0.5  per 
cent  hydrochloric  acid  with  alcohol  and  after  drjring  at  105**  gave 
the  following  result  on  analysis: 
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0.2420  gram  substance  gave  0.0342  gram  HsO  and  0.0726  gram  COs. 
0.2331  gram  substance  gave  0.1422  gram  BaSOi  and  0.1384  gram  MgsPtO?. 
For  CitHts04iPioBai  -  1818: 

Calculated C,  7.92;  H,  1.21;  P,  17.05;  Ba,  37.73  per  cent. 

P       ,  I:  fC,  8.02;  H,  1.58;  P,  16.66;  Ba,  36.66  per  cent. 

^^^^^ II:  Ic,  8.17;  H,  1.68;  P,  16.66;  Ba,  36.90  per  cent. 

As  repeated  precipitations  did  not  alter  the  composition  it  was 
undoubtedly  a  homogeneous  compound.  The  barium  was  found 
to  be  too  low,  but  as  previously  remarked  it  is  difficult  to  obtain 
these  amorphous  salts  in  absolutely  pure  form.  The  percentage 
of  the  base  combined  with  the  acid  is  apt  to  vary  more  or  less,  de- 
pending upon  conditions.  The  analysis  of  the  free  ester  leaves  no 
doubt  but  that  the  substance  was  the  compound  in  question. 

Preparation  of  the  free  di-4no8ite'trirpyropho8phori4:  add  ester. 

The  purified  dry  barium  salt  (1.5  grams)  was  suspended  in  water, 
decomposed  with  slight  excess  of  sulphuric  acid,  the  barium  sulphate 
removed  and  the  solution  precipitated  with  copper  acetate.  The 
copper  salt  was  decomposed  and  the  free  ester  obtained  in  exactly 
the  same  way  as  described  for  the  di-pyrophosphoric  ester. 

In  this  case  also  the  copper  sulphide  could  be  precipitated  only 
after  the  solution  had  been  acidified  with  hydrochloric  acid.  For 
the  removal  of  the  hydrochloric  acid  the  filtrate  was  evaporated 
several  times  in  vacuum  with  water  and  finally  dried  in  vacuum 
over  sulphuric  acid  and  potassiiun  hydroxide.  The  product,  like 
the  previous  compound,  was  a  thick  light  amber  colored  syrup. 
For  analysis  it  was  dried  at  105®  C. 

0.1607  gram  substance  gave  0.0i66  gram  HsO  and  0.0744  gram  COt. 
0.1083  gram  substance  gave  0.1030  gram  MgsPsOr. 
For  CifHw04iPio  -  1142: 

Calculated C,  12.60;  H,  2.80;  P,  27.14  per  cent. 

Found C,  12.62;  H,  3.24;  P,  26.51  per  cent. 

Properties  of  the  dirdnosite  tri-pyrophoaphoric  eater. 

The  properties  of  this  ester  agree  in  the  main  with  those  mentioned 
of  the  di-pyrophosphoric  ester.  The  concentrated  solution  of  the 
ester  forms  a  thick  light  amber  colored  syrup  which  on  longer 
drying  in  desiccator  becomes  brittle  and  hygroscopic.  The  aqueous 
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solution  is  of  strong  acid  reaction  and  pleasant  acid  taste.  The 
precipitates  produced  with  calcium,  magnesium,  silver  and  iron 
salts  are  indentical  with  those  given  by  the  di-pyrophosphoric 
ester. 

Barium  chloride  produces  at  once  a  white  precipitate  sparingly 
soluble  in  acetic  but  readily  soluble  in  dilute  hydrochloric  and  nitric 
acids. 

Ordinary  molybdate  solution  produces  a  white  precipitate  which 
does  not  tiun  yellowish  in  color,  being  in  this  respect  indentical  with 
phytic  acid. 

Neutral  molybdate  solution  causes  at  first  a  voluminous  white 
precipitate  which  redissolves  almost  immediately.  The  addition 
of  a  few  drops  of  the  ordinary  acid  molybdate  to  this  solution  and 
scratching  with  a  glass  rod  causes  the  separation  of  long  white 
needlenshaped  crystals.  The  crystals  and  the  precipitate  caused 
by  the  ordinary  molybdate  solution  are  readily  soluble  in  ammonia. 

On  drying  at  105^  the  substance  turns  very  dark  in  color. 

Lack  of  material  prevented  the  hydrolysis  of  this  ester  and  the 
isolation  of  inosite  as  one  of  the  products  of  decomposition  had 
therefore  to  be  omitted. 
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THE  mFLUENCS  OF  SODIUM  TARTRATE  UPON  THE 
ELIMINATION    OF   CERTAIN  URINART  CONSTITU- 
ENTS DURING  PHLORmzm  DIABETES. 

bt  frank  p.  underbill. 

{Fmm  the  Sheffield  Laboratory  of  Phyeiciogiedl  Chemietry,  Yale  Univereity, 
New  Haven,  Conneetieut.) 

(Reeeiyed  for  publication,  May  25,  1012.) 

In  recent  communications  by  Baer  and  Blum^  it  is  pointed  out 
that  the  subcutaneous  administration  of  a  series  of  organic  com- 
poimds  containing  two  carboxyl  groups  exercises  a  remarkable 
inhibitory  influence  upon  the  elimination  of  urinary  nitrogen  and 
dextrose  in  dogs  with  phlorhizin  diabetes.  Among  the  substances 
possessing  this  property  may  be  mentioned  glutaric  and  tartaric 
adds  and  their  salts. 

The  results  obtained  by  these  authors  are  so  striking  and  of  such 
fimdamental  importance  in  the  interpretation  of  the  mechanism* 
of  phlorhizin  diabetes  that  a  reinvestigation  of  the  problem  seemed 
desirable.  Accordingly  experiments  have  been  planned  similar 
to  those  of  Baer  and  Blum  the  details  of  which  are  appended.^ 
The  investigation  has  corroborated  the  reported  results  but  has 
yielded  an  explanation  for  the  phenomena  observed  which  is  differ- 
ent from  that  put  forth  by  Baer  and  Blum.  Our  work  has  been 
confined  to  the  study  of  the  action  of  a  single  compound  used  by 
Baer  and  Blum,  namely,  sodium  tartrate,  prepared  by  neutrali- 
sation of  the  racemic  crystalline  tartaric  acid  (Kahlbaum  and  other 
preparations)  with  sodium  carbonate.  Both  rabbits  and  dogs  were 
employed  as  experimental  animals. 

1  Baer  and  Blum:  Hofmeieter's  BeitrOge,  x,  p.  80,  1907;  xi,  p.  102,  1906; 
Arch./,  exp.  Path.  u.  Pharm.,  Ixv,  p.  1,  1911. 

*  A  notice  of  this  inyestigation  was  communicated  to  the  Society  for  Ex- 
perimental Biology  and  Medicine,  May  15,  1912. 
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After  the  completion  of  our  experiments  a  preliminary  account 
of  the  influence  of  glutaric  acid  on  phlorhizin  diabetes  was  reported 
by  A.  I.  Ringer.'  In  this  communication  Ringer  has  entirely  failed 
to  confirm  the  reported  results  of  Baer  and  Blmn  with  respect  to 
glutaric  acid. 

Methods.  The  general  plan  of  experimentation  was  similar  to 
that  of  Baer  and  Blimi.  Phlorhizin  diabetes  was  established  for 
a  preliminary  period  (usually  three  days)  in  the  fasting  animal, 
the  drug  being  given  subcutaneously  once  daily  in  sodium  carbonate 
solution.  Water  was  allowed  ad  libitum.  Urine  was  collected  in 
twenty-four-hour  periods  either  by  compression  of  the  bladder  in 
rabbits  or  by  catheterization  in  the  case  of  dogs.  Tartrate  admin- 
istration occurred  immediately  after  the  phlorhizin  injection  and  the 
quantities  of  tartaric  acid  specified  in  the  tables  were  subcutane- 
ously injected  subsequent  to  neutralization  with  sodium  carbonate. 

In  our  preliminary  trials  we  repeated  the  work  of  Baer  and  Blum 
employing  rabbits  instead  of  dogs.  As  may  be  seen  from  tables 
1,  2,  3,  and  4,  sodium  tartrate  administered  subcutaneously  to 
rabbits  with  phlorhizin  diabetes  promptly  causes  a  very  decided 
diminution  in  the  output  of  total  nitrogen  and  dextrose.  It  will 
also  be  observed,  however,  that  urine  secretion  is  greatly  diminished 
and  in  some  of  the  experiments,  of  which  the  appended  are  a  few 
examples  only,  was  completely  inhibited.  From  the  data  in  the 
first  four  tables  it  is  evident  that  suppression  of  urine  is  sufficient 
to  account  for  the  very  great  decrease  in  the  output  of  the  urinary  con- 
stituents under  consideration.  When  the  urine  secretion  was  not 
entirely  inhibited  we  have  at  times  obtained  water-clear  twenty- 
four-hour  specimens  of  fair  volume  in  which  no  trace  of  nitrogen  or 
dextrose  could  be  detected. 

Experiments  with  dogs  yielded  results  in  accord  with  those 
obtained  with  rabbits  as  may  be  seen  from  the  examples  cited  in 
tables  5  and  6.  In  experiment  7,  dog  1,  table  5,  the  change  in 
the  output  of  urine  and  of  the  minary  constituents  under  discussion 
shows  a  striking  similarity  to  that  observed  in  rabbits.  Experi- 
ment 8,  dog  3,  table  6,  is  inserted  to  show  that  at  times  one  dog  may 
perhaps  be  less  susceptible  to  the  action  of  tartrate  than  other  indi- 
viduals, and  that  water  may  be  eliminated  by  the  kidney  even 

*  Ringer :  Proceedings  of  the  Society  for  Experimental  Biology  and  Medicine^ 
iz,  p.  54, 1912. 
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TABLE  1. 
EXPERIMENT  1,   RABBIT  A. 

Male  rMni  of  tftOO  grams  received  daily  eubcyianeoue  injection  ofOM  gram 

phlorkinn. 


DA^B 

UBIKB 

1911 

BBMARKS 

Volume 

Specific 
grmylty 

Total 
Nltrofen 

Dwtroae 

Xovember 

ce. 

0ram» 

^raifM 

14 

90 

1.040 

1.85 

2.72 

15 

100 

1.026 

1.60 

1.80 

16 

100 

1.030 

1.99 

1.43 

17 

30 

0.13 

0.00 

Subcutaneous  injection 
of  3.0  grains  tartaric 
acid,  neutralised  with 
NasCOs,  in  40  cc. 
water. 

18 

8 

0.00 

0.00 

Animal  lies  in  deep 
coma.  Does  not  re- 
spond to  stimulation. 

19 

0 

Heart  beat  and  respi- 
ration very  slow. 

20 

0 

Animal  found  dead. 
Bladder   empty.    No 
urine  secreted  for  24 
hours. 

when  the  latter  is  no  longer  in  a  condition  to  normally  secrete  the 
organic  constituents  of  the  urine.  With  rabbits  exactly  analogous 
conditions  may  obtain.  In  other  words,  a  dose  of  sodium  tartrate 
which  in  the  majority  of  rabbits  or  dogs  causes  suppression  of  urine 
may  exert  only  a  slight  influence  in  this  direction  in  a  small  number 
of  individuals.  An  inspection  of  the  data  presented  by  Baer  and 
Blum  points  to  the  same  conclusion,  and  it  is  possible  that  the  nega- 
tive results  reported  by  Ringer  may  be  due  to  the  same  fact.  This 
seems  hardly  likely,  however,  and  as  a  possible  explanation  of 
Finger's  failure  to  corroborate  the  findings  of  Baer  and  Blum  we 
would  call  attention  to  the  fact  that  Ringer  administered  his  glutaric 
acid  solutions  in  three  equal  doses  during  the  course  of  the  day  and 
in  this  wayfailed,  perhaps,  to  overwhelm  the  capacity  of  the  animal 
to  transform  the  compound  into  a  harmless  derivative. 
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TABLE  1. 

■xpsrhobnt  2,  rabbit  b. 

Female  rabbit  of  iSOO  grame  received  daily  enbeutaneaue  injection  of  OSS 

gram  phlorkinn. 


UBim 

1011 

Volume 

Siwoite 
firnvKy 

Total 
nttrafw 

Dntran 

November 

oe. 

gnmB 

§nm$ 

14 

115 

1.030 

1.66 

3.58 

15 

75 

1.036 

1.58 

1.30 

16 

100 

1.030 

1.82 

1.28 

17 

55 

0.06 

0.17 

Subcutaneous  injection 
of  3.0  grams  tartaric 
acid,  neutralised  with 
NaiCOs,  in  40  cc. 
water. 

18 

10 

— 

0.05 

0.00 

19 

0 

Animal  lies  in  cage,  can- 
not   stand.    Has    no 
muscular   control. 
Heart  beat  and  respi- 
ration are  greatly  ac- 
celerated. 

20 

0 

Found  dead.  No  urine 
secreted  for  twenty- 
four  hours. 

From  the  data  in  tables  1,  2,  3,  and  4,  it  is  evident  that  sodium 
tartrate  producesits  unique  influence  upon  the  elimination  of  urinary 
nitrogen  and  dextrose  in  phlorhizinized  animals  by  causing  a  partial 
or  complete  suppression  of  urine.  In  order  to  determine  further 
the  correctness  of  this  conclusion,  sections  of  the  kidneys  were 
preserved  and  sent  to  Prof.  H.  Gideon  Wells  of  the  University  of 
Chicago  to  whom  I  am  greatly  indebted  for  the  examination  of  the 
tissues.  In  his  report  Professor  Wells  says  in  part,  ''The  greater 
part  of  the  epithelium  of  the  convoluted  tubules  is  entirely  necrotic, 
and  most  of  the  tubules,  almost  all,  in  fact,  are  occluded  by  large 
hyalme  and  granular  casts,  frequently  containing  more  or  less 
hemoglobin.  It  is  easy  to  understand  that  such  a  kidney  could 
not  secrete.  It  is  quite  as  severe  a  change  as  I  have  ever  seen  in 
experimental  nephritis.    There  is  very  little  difference  between  any 
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TABIDS. 

'3,  BABBnra 

^  M900  grmu  T§e9w§i  dmiw  wubatJUmeoiuB  inj^etUm  •/  OM 
gram  pklorkiMin, 


WJLtU 

,»» 

mi 

YolUM 

SpMlfiO 

TML 

DvtroM 

November 

«e. 

tramt 

tramt 

21 

86 

1.026 

0.96 

1.88 

Drmnk  80  cc.  water. 

22 

76 

1.090 

1.30 

1.16 

Drmnk  45  cc.  water. 

23 

75 

1.090 

1.18 

0.87 

Drank  50  cc.  water. 

24 

JO 

1.012 

0.00 

0.00 

SubcutaneouB  ngection 
of  1.75  grains  tartaiie 
acid,  neutralised  with 
NasCOs,  in  30  00. 
water.  Drank  140  cc. 
water. 

25 

40 

1.015 

0.07 

0.00 

Would  not  drink.  Par- 
tial prolapse  of  utems. 
Animal  killed.  On 
autopsy  all  organs 
appealed  normal  ex- 
cept the  kidneys 
which  seemed  very 
pale  and  sc^t. 

of  the  flpecimens,  and  that  only  in  degree.  The  glomerules  show 
almost  no  change  beyond  an  occasional  small  hanorrfaage.'' 
Concerning  the  histology  of  the  dog  kidne3r8  Professor  Wells 
reported  that  vacuolisation  was  mudi  more  prominent  than 
necrosis. 

The  histological  incture  therefore  coincides  with  ibe  other  data. 
In  amr  investigation  Ba^  and  Bhim  apparently  made  no  histolo- 
gical study  of  the  kidneys,  hence  their  faUmre  to  fully  recognise 
the  cause  oi  the  diminished  excretion  of  the  urinary  constituents. 
It  is  only  fair,  however,  to  add  that  the  suspicion  of  a  kidnqr 
factor  must  have  entered  into  their  ideas  since  they  have  recorded 
some  ei9>eriments  with  this  point  in  mind.^  But  they  testedthe 
secretory  power  of  the  kidney  by  means  of  inorganic  salts  only  and 

«  Baer  aad  Blum:  Arch.  f.  4xp.  Path.  u.  Pharm,,  Ixv,  p.  1, 1011. 
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TABUB  4. 
aSLPBRIMBNT  4,  BABBIT  D. 


uxniB 

DAH 

1911 

VohiiM 

Speolfle 
nmrtty 

ToUl 
nltroten 

DaDEtroM 

November 

oe. 

frauM 

ffaiiM 

21 

125 

1.024 

1.12 

2.75 

Drank  70  co.  water. 

22 

60 

1.036 

1.17 

1.28 

Drank  25  cc.  water. 

23 

50 

1.040 

0.92 

1.19 

Drank  45  co.  water. 

24 

18 

0.05 

0.00 

Suboutaneotts  injeetion 
of  2.0  gram  tartaric 
aoid,  neutraliied  with 
Na.COi,  in  40  cc. 
water.  Animal  drank 
125  00.  water. 

25 

2  drops 

~ 

0.00 

Uiine  dots  in  jelly-like 
mass.  Would  not 
drink. 

26 

3 



0.00 

Would  not  drink. 

27 

0 

At  5  p.m.  animal  was 
soiled  with  convul- 
siona  and  died  in  few 
moments.  At  autop- 
sy all  organs  appeared 
nonnal  except  the  kid- 
neys which  were  pale 
and  soft. 

report  no  change  in  the  elimination  of  these  compounds  and  there- 
fore conclude  that  kidney  secretory  factors  are  not  primarily  account- 
able for  their  results.  However,  it  does  not  necessarily  follow 
that  in  a  given  form  of  nephritis  inorganic  salts  alone  may  not 
be  eliminated,  nor  is  it  fair  to  assume  that,  because  one  substance 
may  be  excreted,  a  second  compound  of  an  entirely  different  chemi- 
cal nature  mH  behave  in  the  same  manner.  If  these  results  of 
Baer  and  Blum  with  inorganic  salts  are  accepted  our  results  indicate 
the  correctness  of  our  contention.  It  is  not  our  intention,  however, 
at  this  time  to  enter  more  deeply  into  the  conditions  attendant 
upon  tartrate  nephritis. but  rather  to  indicate  that  a  nephritic 
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TABLE  5. 
BXPBBIMBNT  7,  DOQ  1. 

PtdUifrown  hiteh  of  9  bUot  received  daily  eubctUaneous  injection  of  LS  grame 

phlorhitin. 


UBUTB 

191S 

^••— 

o «H^ 

BPWUOO 

Total 
nltrot«D 

Destrow 

February 

ec 

9ram9 

frmin$ 

6 

220 

1.070 

6.42 

32.82 

D  :  N  raUo  -  5.11. 
Animal  drank   120  oo. 
water. 

7 

416 

1.074 

11.70 

43.33 

D  :  N  ratio  -  3.70. 
Animal  drank  250  cc. 
water. 

8 

eoQ 

1.053 

11.98 

40.06 

D  :  N  ratio  -  3.34. 
Animal    drank    70    cc. 
water. 

9 

125 

1.008 

0.16 

0.00 

8.0  grams  tartaric  acid, 
neutralised  with  Nat- 
COi,  were  subcutane- 
ously    injected,    dis- 
solved in  50  cc.  water. 

10 

10 

0.075 

0.25 

Animal  has  lost  control 
of   muscles   and   lies 
in  cage.    Vomits  any 
water  given.    At  the 
close  of  this  day  it 
was    apparent    that 
dog  would  not  survive 
the     night.     Animal 
was  Idlled  by  chloro- 
form.   All  organs  ap- 

peared normal. 

condition  must  be  taken  into  consideration  in  the  discussion  of  the 
results  reported  by  Baer  and  Blum.  Some  of  the  factors  of  tartrate 
nephritis  will  be  detailed  in  a  subsequent  communication  shortly  to 
appear,  the  work  of  which  has  already  been  completed. 

The  present  problem  has  also  been  attacked  from  another  stand- 
point. It  is  quite  conceivable  that  phlorhizin,  acting,  presumably, 
specifically  upon  the  kidney  structure,  may  render  the  latter  imus- 
ually  sensitive  to  tartrate  action  and  therefore  that  the  combina- 
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TABLB  «. 
BXPBRIMBNT  8,   DOG  3. 


DAn 

19U 

Voliim* 

SpMlflo 

Toul 
Nltit««ii 

DttKtrow 

March 

ee. 

grmm9 

irmm$ 

5 

240 

1.070-f 

4.44 

31.05 

D  :  N  raUo  -  6.90. 
Animal  drank  370  cc. 
water. 

6 

240 

1.070-f 

8.11 

29.44 

D  :  N  ratio  -  3.63. 
Animal  drank  250  cc. 
water. 

7 

307 

1.060 

8.79 

29.75 

D  :  N  ratio  ->  3.30. 
Animal  drank  290  cc. 
water. 

8 

442 

1.035 

3.05 

12.88 

Subcutaneous  injection 
of  10.0  grama  tartaric 
acid,  diBSolved  in  50 
cc.  fluid  and  neu- 
traUiedwithNatCOi. 

0 

335 

1.050 

7.68 

15.12 

After  injection  ani- 
mal vomited  repeat- 
edly. Could  not  drink 
because  of  vomiting. 

10 

209 

1.045 

1.27 

4.06 

11 

240 

1.016 

1.08 

1.02 

Animal  developed  ab- 
ceas  at  site  of  injec- 
tion. In  a  weak  con- 
dition. Vomits  con- 
tinually. Killed  with 
chloroform.  At  au- 
topsy all  organs  ap- 
peared normal. 

tion  of  the  two  drugs  may  bring  about  changes  in  the  kidney  that 
neither  alone  could  accomplish.  If,  however,  sodium  tartrate  has 
a  specific  action  upon  kidney  secretion  this  should  be  manifested 
by  exclusion  of  the  phlorhizin  effect,  all  other  conditions  remaining 
unchanged.  We  have  endeavored  to  compass  this  result  and  in 
order  to  measure  the  extent  of  kidney  secretion  (in  the  absence  of 
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TABI2  7. 

mxrmBSurvT  5,  babbit  b.  (Control). 
MaU  rabbit  of  M900  gramB.    No  phlorhigin  waa  given  throvghotU  experiment. 


BAR 

UBura 

1911 

■■ICAmBl 

Vohim« 

SpMdfle 
gimTlty 

ToUl 
nltrotM 

Inlns 

CraatliM 

November 

ce. 

inm§ 

fr««M 

§rmm9 

22 

105 

1.012 

0.85 

84 

9 

water. 

23 

65 

1.022 

0.81 

87 

34 

Animal  drank  no  water. 

24 

70 

1.020 

1.22 

78 

63 

Animal  drank  25  cc. 
water. 

26 

90 

1.016 

0.12 

Trace, 
too 
small 
to  es- 
timate 

Trace, 
too 
small 
to  es- 
timate 

Subcutaneous  injection 
of  3.0  grams  tartaric 
acid,  neutralized  with 
NaiCOi,  in  40  cc. 
water.  Animal  drank 
30  cc.  water.  No  symp- 
toms followed  injec- 
tion. 

26 

less 
than 

1  CO. 

Animal  drank  110  cc. 
water. 

27 

0 

Animal     drank     60    cc. 
water.    Animal    ap- 
pears   nonnal    except 
that  head  is  rotated  to 
to  the  right.    During 
morning  had  one  con- 
vulsion.   Recovered. 

28 

Found  dead.  At  autop- 
sy peritoneal  cavity 
contained  30  cc.  of 
clear  fluid  that  readily 
clotted.  The  kidneys 
presented  an  injected 
appearance.  All  other 
organs  seemed  normal. 
Bladder  contained  no 
urine. 
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TABUS. 
■ZFBSnfBlIT  6,  BABBIT  V.   (CoBtrol). 

Female  raJtbii  of  iiOO  gram:    No  phlorhinn  woe  given  ihrovghout  experiment. 


UBim 

DATS 

1911 

Volume 

BpMlflo 
gimTlty 

ToUl 
BltraBui 

Oreat- 
inliw 

Ckwtlno 

mtW- 

mOU- 

November 

00. 

frmin$ 

frmmt 

§rmm» 

22 

115 

1.011 

0.74 

90 

21 

Animal  drank  90  cc. 
water. 

23 

70 

1.020 

0.97 

111 

39 

Animal  drank  no  water. 

24 

60 

1.025 

0.90 

84 

48 

water. 

25 

32 

1.015 

0.15 

Trace, 

but 

too 
small 
to  es- 
timate 

Trace, 
but 
too 

ifinftlt 

to  es- 
timate 

Subcutaneous  injection 
of  3.0  grams  tartaric 
acid,  neutralised  with 
Nat  COi,  in  40  cc.  water. 
No  symptoms  followed 
injection.  Animal 
drank  60  cc.  water. 

less 

— 

— 

— 

— 

Animal  drank  25   cc. 

26 

than 
5  cc. 

water.  Peculiar  posi- 
tion of  head  similar  to 
that  of  Rabbit  £. 

27 

0 

Animal  in  light  coma. 
Killed  with  chloro- 
form. Kidneys  were 
very  pale  and  soft. 
All  other  organs  weae 
apparently  normal. 
Bladder  was  empty. 

glycosuria)^  have  noted  the  excretion  of  urine  and  total  nitrogen  as 
usual  and,  in  addition,  the  elimination  of  creatinine  and  creatine, 
the  latter  compound  being  constantly  present  in  the  urine  of  our 
fasting  animals.  In  the  data  presented  m  tables  7  and  8  the  water 
intake  was  observed  in  order  to  discover  whether  diminished  volume 
of  urine  could  be  accoimted  for  by  lack  of  water  consumption. 
It  will«be  seen  that  there  is  no  strict  correlation  between  the  intake 
and  the  output  of  water  in  the  tables  mentioned,  a  fact  which  also 
appUes  to  the  data  contained  in  all  the  other  tables.    From  the 
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experiments  with  fasting  rabbits,  given  subcutaneous  injections 
of  tartrate  only,  it  is  evident  that  the  result  presented  is  one  induced 
specifically  by  the  tartrate  and  apparently  bears  little  or  no  relation 
to  the  application  of  phlorhizin. 

The  histological  examination  revealed  no  recognizable  differ- 
ences in  the  kidney  changes  of  specimens  taken  from  animals 
receiving  both  phlorhizin  and  tartrate  and  from  those  to  whom  only 
tartrate  had  been  administered.  In  his  partial  report  above,  Pro- 
fessor Wells  says,  "There  is  very  little  difference  between  any  of 
the  specimens,  and  that  only  in  degree. ''  The  kidneys  taken  from 
animals  represented  in  tables  7  and  8  were  sent  to  Professor  Wells 
mixed  in  the  lot  excised  from  animals  having  had  an  injection  of 
both  phlorhizin  and  tartrate.  From  these  observations  it  is  appar- 
ent that  sodium  tartrate  alone  is  capable  of  inducing  a  particularly 
severe  form  of  nephritis  when  subcutaneously  introduced  into  rab- 
bits and  dogs. 

Our  conception  of  the  mechanism  responsible  for  the  diminution 
in  urinary  constituents  as  reported  by  Baer  and  Blimi  also  f  tunishes 
a  reasonable  explanation  for  the  toxicity  of  tartaric  acid  observed 
by  these  investigators.  In  their  last  paper*  upon  the  subject  tar- 
taric acid  action  is  discussed  as  follows,  "Weiterhin  besass  die 
Saure  eine  erhebliche  Giftigkeit.  Ohne  bemerkenswerte  Symtome 
starb  die  Mehrzahl  unserer  Hunde  kurz  nach  Beendigung,  einzelne 
Tiere  sogar  vor  Beendigung  des  Versuchs.  Immerhin  glauben  wir 
diese  giftige  Wirkung  als  etwas  Akzidentelles  auffassen  zu  dtlrfen, 
nicht  als  die  Ursache  des  Einflusses  auf  Zucker-,  Stickstoff-  und 
Acidosekdrperausscheidung. " 

SUMMABT. 

The  observation  of  Baer  and  Blimi  that  sodium  tartrate  subcu- 
taneously injected  may  greatly  diminish  the  outputof  nitrogen  and 
dextrose  in  the  urine  of  phlorhizinized  dogs  has  been  substantiated 
by  the  results  of  our  investigation  on  the  subject,  but  we  differ 
from  these  authors  in  the  interpretation  of  the  phenomena  provoked. 

Our  experience  shows  that  sodium  tartrate  subcutaneously  admin- 
istered to  phlorhizinized  rabbits  and  dogs  induces  distintegrative  changes 

'  Baer  and  Blum:  Arch.  /.  ezp.  Path,  u.  Pharm,,  Ixv,  p.  16,  1911. 
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in  the  kidney  tvbtdi  sufficient  to  account  far  the  lessened  eliminatian 
of  urinary  nitrogen  and  dextrose,  observed  by  Boer  and  Blum. 

Under  strictly  comparable  experimental  ccmditions  similar  results 
may  be  obtained  in  animals  that  have  not  received  phlorhisin,  thus 
demonstrating  that  sodiimi  tartrate  acts  specifically  in  this  direc- 
tion and  that  phlorhizin  probably  contributes  little  or  nothing  to 
the  detrimental  influence  under  discussion. 
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PICROLONATES  OF  THE  MONOAMINO-ACIDS. 

By  p.  a.  LEVENE  and  DONALD  D.  VAN  SLYKE. 

{From  the  Labaratarie$  of  the  Rockefeller  Inetitute  for  Medical  Reeearch, 

New  York.) 

(Received  for  publication,  May  29, 1912.) 
NOs-CeHi-N 

Picrolonic  acid  N  COH  was   first    introduced    by 

il  II 

CHt-C CNO, 

Knorr^  as  a  precipitant  for  organic  bases.  Steudel^  applied  it 
to  the  hexone  bases  obtained  by  hydrolysis  of  proteins.  Later 
Mayeda*  described  also  the  picrolonates  of  the  aromatic  amino- 
acids,  tryptophane  and  phenylalanine.  The  latter  was  partic- 
ularly distinguished  by  its  slight  solubility  in  water.  In  the 
course  of  a  hydrolysis  we  foimd  this  picrolonate  of  so  much 
assistance  in  the  isolation  of  phenylalanine  that  we  attempted 
to  make  the  picrolonates  of  some  of  the  other  monoamino-acids, 
with  the  idea  that  they  also  might  prove  useful  in  the  separa- 
tions that  are  necessary  in  carrying  out  protein  hydrolyses.  We 
found  that  all  the  natural  monoamino-aoids,  with  the  exception 
of  the  pyrrollidine  acids,  proline,  and  oxyproline,  gave  beau- 
tiful crystalline,  definite  salts  with  picrolonic  acid,  most  of  them 
being  fairly  insoluble  in  cold  water.  When  this  work  had  been 
completed  and  the  report  sent  in  to  the  Secretary  of  the  Society 
for  Experimental  Biology  and  Medicine  for  the  meeting  of  May 
15,  an  article  by  Abderhalden  and  Weil^  appeared  describing 
picrolonates  of  alanine,  glycocoll,  and  inactive  leucine.     This 

^  Ber.  d.  deutech.  chem,  Qeselhch,,  xxx,  p.  909,  1897. 

•  Zeiteckr.  /.  phyeiol,  Chem,,  xxxvii,  p.  219. 
» Ibid.,  U,  p.  261. 

*  Ibid.,  Ixxviii,  p.  150. 
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paper  antedates  our  report  in  demonstrating  that  the  ordinary 
monoamino-acids  form  crystalline  picrolonates.  As,  however, 
our  technique  was  somewhat  different  from  that  of  Abderhalden 
and  Weil,  yielded  products  of  constant  molecular  composition, 
and  our  work  included  the  preparation  and  study  of  a  larger  series 
of  picrolonates,  we  decided  to  publish  it  in  the  present  paper. 

Abderhalden  and  Weil  added  an  alcoholic  solution  of  pic- 
rolonic  acid  to  the  concentrated  water  solution  of  the  amino- 
acids.  Crystalline  products  were  obtained,  but,  in  the  case  of 
glycocoU  and  alanine,  when  an  excess  of  the  amino-acid  was  pres- 
ent the  product  contained  more  than  1  molecule  of  amino-acid. 
We  never  met  this  difficulty.  Our  procedure  is  as  follows:  The 
amino-acid  and  picrolonic  acid  in  molecular  proportions,  or  with 
amino-acid  in  excess,,  are  dissolved  in  a  minimum  amount  of 
boiling  water.  On  cooling,  and  usually  while  the  solution  is  still 
warm,  the  picrolonate  crystallises.  The  product  obtained  was 
of  normal  composition,  containing  one  molecule  each  of  amino- 
acid  and  picrolonic  acid,  in  every  case  except  those  of  d-alanine, 
cU-serine,  and  d-glutaminic  acid.  These  salts  showed  a  tendency 
to  carry  down  an  excess  of  picrolonic  acid.  The  latter,  however, 
was  readily  removed  by  shaking  out  the  pulverised  salt  with 
ether.  The  salts  all  show  definite  crystalline  form,  which  in  some 
cases  is  quite  characteristic.  Isoleucine,  for  example,  crystal- 
lizes in  long  slender  prisms,  while  I-leucine  forms  rhomboids. 
If  one  makes  a  picrolonate  of  the  so-called  natural  leucine  from 
proteins,  which  is  a  mixture  of  the  two,  the  two  types  of  crystals 
can  be  seen  together  under  the  microscope.  Most  of  the  pic- 
rolonates decompose  when  they  melt,  and  many  of  them  have 
decomposing  points  too  indefinite  to  be  of  value  for  character- 
ising them.     Others,  however,  melt  or  decompose  quite  sharply. 

For  separating  mixtures  of  amino-acids  by  means  of  their 
picrolonates  two  methods  are  possible.  One  can  either  transform 
all  the  amino-acids  into  picrolonates,  and  recrystallise  them, 
or  one  can  add  to  the  mixture  of  amino-acids  only  enough  pic- 
rolonic acid  to  combine  with  that  forming  the  most  insoluble 
picrolonate.  We  have  not  tried  out  either  method  exhaustively 
but  we  have  found  that  the  latter  gives  good  results  in  separating 
phenylalanine  from  glutaminic  and  aspartic  acids. 
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For  determining  the  molecular  proportions  in  which  amino- 
acid  and  picrolonic  acid  are  present  in  a  given  salt  the  most  direct 
method  is  determination  of  the  proportion  of  amino  nitrogen 
present.  The  determination  is  conveniently  carried  out  as  fol- 
lows: 0.1  —  0.2  gram  of  picrolonate  is  dissolved  in  boiling  water 
to  which  1  cc.  of  10  per  cent  hydrochloric  acid  is  added.  The 
solution  is  cooled,  and  the  picrolonic  acid  which  crystallizes  out 
is  filtered  off,  the  filtrate  being  received  into  an  evaporating  dish. 
The  crystals  are  washed  a  few  times,  and  the  filtrate  concentrated 
on  the  water  bath,  and  used  for  determination  of  amino  nitrogen 
by  the  nitrous  acid  method  of  Van  Slyke.*  The  removal  of  pic- 
rolonic acid  is  necessary,  because,  even  when  the  solubility  of 
the  picrolonate  permits  using  it  directly  for  the  determination, 
the  picrolonic  acid  set  free  in  the  nitrous  acid  mixture  makes  a 
gelatinous  mass  which  renders  the  determination  difficult. 

The  free  amino-acids  can  be  readily  and  quantitatively  re- 
gained from  the  picrolonates  by  boiling  the  latter  in  water  con- 
taining an  excess  of  y  sulphuric  acid,  filtering  off  the  picro- 
lonic acid  which  crystallizes  from  the  cooled  solution,  and  extract- 
ing with  ether  the  small  amount  of  picrolonic  acid  remaining 
in  solution.  The  solution  is  heated  on  the  water  bath,  and  the 
sulphuric  acid  precipitated  with  an  equivalent  of  titrated  bar- 
ium hydrate  solution.  On  evaporating  the  filtrate  from  the  bar- 
ium sulphate  the  free  amino-acid  is  left  in  pure  condition  as  a 
residue. 

In  the  following  table  is  given  a  list  of  the  picrolonates  which 
we  have  prepared,  with  some  of  the  more  important  constants 
of  each.  The  picrolonates  are  arranged  in  inverse  order  of  their 
solubility. 


•This  Journal:  ix,  p.  185,  1911. 
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EXPERIMENTAL. 

dl- Alanine,  One  gram  of  alanine  and  2.6  grams  of  picrolonic 
acid  (0.9  molecule)  were  dissolved  in  20  cc.  of  boiling  water.  The 
salt  crystallized  while  the  solution  was  still  hot.  The  yield  was 
3.2  grams.  The  crystals  were  long  slender  prisms.  They  melt 
at  216^  with  decomposition. 

Analysis:  0.200  gram  sub8tanc&;  13.40  cc.  nitrogen  at  22^  760  mm. 

Cftleulmted:        Found: 
NH,-N 3.96  3.78 

d-Alanine.  0.445  gram  of  d-alanine  and  1.32  grains  (1  molecule) 
of  picrolonic  acid  were  dissolved  in  15  cc.  of  water.  The  sub- 
stance crystallized  while  the  solution  was  still  warm,  forming 
long  slender  prisms.  Yield,  1.3  grains.  Analysis  showed  only 
3.10  per  cent  of  amino  nitrogen  instead  of  the  theoretical  3.96. 
The  substance  was  pulverized  and  shaken  up  with  ether.  It  now 
gave  the  following  figures: 

Analysis:  0.200  gram  substance:  13.70  cc.  N  at  20^  760  mm. 

Oalculated:       Found: 
NHrN 3.96  3.90 

The  substance  melts  at  214^  with  decomposition. 

Rotation  in  Alcoholic  Solution:  Substance,  0.0496  gram;  solution, 
0.6141  gram;  concentration,  8.07  per  cent;  specific  gravity,  0.82;  rotation 
in  0.5  dm.  tube  *»  +  0.41**. 

[a]^  -  +  12.4*  =fc  0.3* 

Abderhalden  and  Weil  give  215**  as  the  melting  point,  +  11.1** 
as  the  specific  rotation. 

dl-Aspartic  add.  0.67  gram  of  aspartic  acid  and  1.32  grams 
of  picrolonic  acid  (1  molecule)  were  dissolved  in  50  cc.  of  boiling 
water.  The  solution  was  cooled  in  the  ice  box  and  allowed  to 
stand  over  night  for  the  crystallization  to  become  complete.  The 
crystals  were  long  slender  prisms  with  square  ends. 
The  substance  blackens  at  130**. 

Analysis:  0.100  gram  substance;  6.10  cc.  N  at  20°,  764  mm. 

Calculated:        Found: 

NH,-N 3.53  3.49 
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dJrOluiaminic  acid,  0.736  gram  of  glutaminic  acid  + 1.32  grams 
of  picrolonic  acid  (1  molecule)  were  dissolved  in  10  cc.  of  water. 
Crystallization  began  only  after  the  solution  had  been  cooled  to 
room  temperature  and  scratched.  The  first  crystals  came  in 
tangled  threads,  the  later  ones  formed  in  very  fine  short  spindles 
or  needles.  Yield,  1.7  grams.  The  substance  softens  at  183^ 
and  decomposes  at  184^.    These  points  are  sharply  defined. 

Analtbib:  0.200  gram  substance;  11.8  cc.  nitrogen  at  20%  762  mm. 

Oftleulated:       Found: 
NHr-N 3.40  3.36 

irGlviaminic  add.  0.74  gram  of  pure  d-glutaminic  acid  and 
1.32  grams  of  picrolonic  acid  (1  molecule)  were  dissolved  in  about 
10  cc.  of  water.  On  cooling  0.7  gram  of  crystals  separated.  On 
anal3rsis,  however,  they  were  found  to  contain  about  two  mole- 
cules of  picrolonic  acid.  They  were  shaken  out  with  ether,  and 
then  gave  more  nearly  correct  figures  on  analysis  (3.25  per  cent 
NH2-N).  The  filtrate  from  this  first  crop  was  cooled  to  0^,  and 
a  second  crop  separated,  which  proved  to  be  fairly  pure  without 
ether  treatment.  The  substance,  like  the  inactive  salt,  softens 
at  183^  and  melts  at  184^.  The  rotation  was  taken  in  water 
solution. 

Analysis:  0.100  gram  substance;  6.3  cc.  N  at  766  mm.,  21''. 

Oaloulated:       Found: 
NH,-N 3.40  3.69 

Rotation:  0.0662  gram  substance;  solution,  2.688  grams;  concentration, 
2.10  per  cent;  specific  gravity  1.01;  rotation  in  0.6  dm.  tube  »  +  0.09*. 

OlycocoU.  0.375  gram  glycocoll  and  1.32  grams  picrolonic 
acid  (1  molecule)  were  dissolved  in  15  cc.  of  boiling  water.  The 
salt  began  to  crystallize  in  rhomboid  prisms  of  very  characteristic 
appearance  while  the  solution  was  still  warm.  It  was  allowed 
to  stand  over  night  and  then  yielded  1.56  grams  of  the  salt.  It 
melts  sharply  at  214  to  215^  with  decomposition. 

Analysis:  0.200  gram  substance;  16.8  cc.  N  at  20"*,  762  mm. 

Oaloulated:       Fbund: 
NHr-N 4 .  12  4 .  19 
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Abderhalden  found  that  in  alcoholic  solution  in  the  presence 
of  an  excess  of  glycocoll  a  picrolonate  was  obtained  containing 
two  molecules  of  glycocoll  to  one  of  picrolonic  acid.  We  repeated 
the  experiment,  using  two  molecules  of  glycocoll,  but  an  aqueous 
solution.  The  product  was  a  normal  salt  identical  with  the  above. 
0.75  gram  of  glycocoll  and  1.32  gram  of  picrolonic  acid  were  dis- 
solved in  15  cc.  of  boiling  water  and  cooled.  Chystallization  be- 
gan while  the  solution  was  still  warm,  yielding  the  above  described 
characteristic  rhomboids.  Yield,  1.54  grams.  Melting  point, 
214-215°. 

Analysis:  0.200  gram  substance;  15.3  cc.  N  at  ^^  7S0  mm. 

Galeukted:       Found: 
NHrN 4.12  4.13 

In  calculating  the  nitrogen  for  both  the  above  analyses  the 
results  are  multiplied  by  the  factor  0.93  in  order  to  correct  for 
the  abnormal  behavior  of  glycocoll  with  nitrous  acid,  which  has 
been  described  in  a  previous  paper  by  one  of  us.^ 

d-Isdleucine.  0.35  gram  isoleucine,  of  +  37.4**  specific  rotation 
in  20  per  cent  hydrochloric  acid,  and  0.66  gram  of  picrolonic  acid 
(0.9  molecule)  were  dissolved  in  15  cc.  of  boiling  water.  While 
the  solution  was  still  warm  the  salt  began  to  separate  as  drops 
which  changed  quickly  to  crystals.  The  latter  were  long,  slender, 
six-sided  and  grouped  in  stars.  The  substance  has  a  rather  in- 
definite melting  point  at  170^,  without  decomposition. 

Analysis:  0.100  gram  substance;  6.40  cc.  N  at  23**,  760  mm. 

Calculated:       Found: 
NHr-N 3.54  3.60 

Rotation:  0.0672  gram  substance;  solution  in  alcohol,  1.038  gram; 
concentration,  6.47  per  cent;  specific  gravity,  0.82;  rotation  in  0.5  dm. 
tube  -  -f-  0.87*. 

Hd  "  +  ^2.8»  =*=  0.3* 

ULeucine.  0.66  gram  of  Ueucine,  of  +  15.2**  specific  rotation 
in  20  per  cent  hydrochloric  acid,  was  dissolved  with  1.32  grams 
(1  molecule)  of  picrolonic  acid  in  15  cc.  of  boiling  water.  While 
the  solution  was  still  hot  the  salt  began  to  settle  out  as  an  oil, 

•  Van  Slyke:  This  Journal,  ix,  p.  186,  1911. 
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which  crystallized  at  once  when  stirred  with  a  rod.  Yield,  1.7 
grams.  The  substance  begins  to  soften  at  about  145^  and  melts 
completely  at  150^  with  evolution  of  a  few  small  gas  bubbles. 

Analysis:  0.200  gram  substance;  12.4  cc.  N  at  22"",  750  mm. 

Cakukted:       Found: 
NH,-N 3.64  3.45 

Rotation:  0.0462  gram  substance;  solution  in  alcohol,  0.6390  gram; 
concentration,  7.23  per  cent;  specific  gravity,  0.813;  rotation  in  0.5  dm. 
tube  =  +  0.68*. 

The  salt  forms  beautiful  rhomboid  crystals,  markedly  different 
from  the  long  slender  ones  of  isoleucine  picrolonate. 

''Natural**  Leucine,  The  leucine  used  was  analytically  pure, 
but  of  +  23**  specific  rotation  in  20  per  cent  hydrochloric  acid, 
and  was  a  typical  sample  of  the  mixture  of  leucine  and  isoleucine 
usually  obtained  from  hydrolyzed  proteins.  0.6  gram  of  this 
leucine  and  1.32  grams  picrolonic  acid  were  dissolved  in  20  cc. 
of  boiling  water.  While  the  solution  Y^as  still  warm  the  salt  began 
to  separate  out  in  oil  drops  which  quickly  became  crystalline 
when  stirred.  Under  the  microscope  the  long  slender  crystals 
of  isoleucine  picrolonate  were  seen  mingled  with  the  rhomboid 
ones  of  {-leucine  picrolonate.  The  substance  melts  at  about 
170**  without  marked  decomposition. 

Analysis:  0.2208  gram  substance;  14.0  cc.  N  at  19^,  758  mm. 
0.1275  gram  substance;  0.2280  gram  COi;  0.0623  gram  H|0. 

Oaloukted:  Found: 

C 48.58  48.70 

H 5.29  5.36 

NH,N 3.55  3.55 

dl-Leucine.  1.4  grams  of  leucine  and  2.64  grams  of  picrolonic 
acid  were  dissolved  in  30  cc.  of  boiling  water.  The  salt  separated 
as  an  oil  while  the  solution  was  still  warm,  but  crystallized  quickly 
in  six-sided  prisms.  The  last  crystals  separating  formed  rosettes 
with  spurs  a  centimeter  long.  The  melting  point  is  very  indefi- 
nite, and  dependent  upon  the  manner  in  which  the  substance 
is  heated.    When  plunged  at  once  into  a  bath  at  150^  or  higher 

Digitized  byVjOOQlC 


p.  A.  Levene  and  Donald  D.  Van  Slyke       135 

it  decomposes  instantly,  but  when  heated  from  130"*  upwards 
it  slowly  sinters'and  may  not  be  decomposed  until  it  reaches  188^. 

Analysis:  0.200  gram  substance;  12.20  cc.  N  at  20"*,  700  mm. 

Calculated:       Found: 
NH,-N 3.54  3.47 

UPhenylalanine  Picrolonate.  One  gram  of  phenylalanine,  of 
rotation  —  26.7®  in  water  solution,  was  dissolved  with  1.6  grams 
of  picrolonic  acid  in  boiling  water.  The  salt  crystallized  while 
the  water  was  still  hot.  Under  the  microscope  two  types  of  crys- 
tals could  be  seen,  long  slender  rods  clustered  in  stars,  and  short 
rectangular  prisms  separate  or  in  small  aggregates.  When  the 
substance  was  filtered  it  was  seen  to  consist  of  an  apparent  mixture 
of  yellow  and  orange  crystals.  The  non-homogeneous  appear- 
ance, however,  was  merely  due  to  the  presence  of  two  types  of 
crystals.  The  substance  melted  at  208®  with  decomposition, 
gave  theoretical  results  for  carbon  and  hydrogen  on  combustion, 
and  the  following  figures  for  amino  nitrogen. 

Analysis:  0.2148  gram  substance;  12.3  cc.  N  at  20**,  762  mm. 

Calculated:       Found: 
NH,-N 3.26  3.27 

Rotation:  0.0696  gram  substance;  solution  in  alcohol,  1.060  gram; 
concentration,  6.44  per  cent;  specific  gravity,  0.818;  rotation  in  0.5  dm. 
tube  »  +0.60**. 

[a]^  =  -f  22.8*  =t  0.3* 

In  order  to  ascertain  whether  the  picrolonate  contained  a  pro- 
portion of  the  optically  active  phenylalanine  different  from  that 
of  the  partially  racemicized  substance  from  which  it  was  made, 
a  portion  of  the  picrolonate  was  freed  from  picrolonic  acid  and 
the  pure  phenylalanine  regained  as  described  in  the  introduction. 
It  showed  a  specific  rotation  of  —26.7°,  and  was  therefore  identi- 
cal with  that  used  at  the  beginning.  The  rotation  of  optically 
pure  i-phenylalanine  being  -35.3°  this  sample  was  evidently  25 
I>er  cent  racemic  and  75  per  cent  active.  Dividing  the  rotation 
of  the  picrolonate  by  0.75  gives  30.1°  as  the  specific  rotation  of 
the  picrolonate  of  pure  active  i-phenylalanine. 
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dlrPhenylalanine,  0.83  gram  of  phenylalanine  and  1.32  grams 
(1  molecule)  of  picrolonic  acid  were  boiled  with  '40  cc.  of  water. 
The  salt  was  so  insoluble  that  complete  solution  could  not  be  ob- 
tained, even  in  this  volume  of  water.  The  product  was,  however, 
pure.  The  yield  was  practically  quantitative,  2.04  grams.  The 
substance  decomposes  quite  sharply  at  211  to  212"^.  Examined 
under  the  microscope  it  is  seen  to  consist  of  only  the  short  rect- 
angular type  of  prisms. 

Analysis:  0.1000  gram  substance;  5.80  cc.  N  at  20^,  764  mm. 

OalouUttod:       Fouad: 
NH,-N 3.26  3.32 

dlrSerine.  0.26  gram  of  serine  and  0.66  gram  of  picrolonic 
acid  were  dissolved  in  5  to  10  cc.  of  water.  The  salt  crystallised 
in  loilg  slender  rods  while  the  solution  was  still  warm.  It  con- 
tained, however,  an  excess  of  picrolonic  acid,  as  was  shown  by 
its  low  content  (2.56  per  cent)  of  amino  nitrogen.  A  second  pre- 
paration showed  identical  composition,  2.59  per  cent  amino  nitro- 
gen. The  melting  point  was  indefinite  at  130  to  140"*.  After 
the  substance  had  been  shaken  out  thoroughly  with  ether,  it 
could  be  heated  to  200^  without  change.  Above  200^  it  began 
slowly  to  darken,  and  finally  decomposed  with  foaming  at  265^. 
It  now  gave  the  following  figures: 

Analysis:  0.1300  gram  substance;  7.9  cc.  N  at  23%  764  mm. 

Calculated:       Found: 
NHi-N 3.79  3.43 

Tyrosine.  0.91  gram  of  t3rrosine  and  1.32  grams  of  picrolonic 
acid  (1  molecule)  were  dissolved  in  40  cc.  of  boiling  water.  On 
cooling  the  salt  crystallized  at  once  in  rods  grouped  together  in 
rosette.  The  substance  blackens  and  sinters  at  260^  without 
melting  or  foaming. 

Analysis:  0.200  gram  substance;  10.70  cc.  N  at  22^  760  mm. 

Oaloulatad:       Found: 
NH,-N 3.14  3.02 

d'V aline.  1.3  grams  of  valine  and  2.64  grams  of  picrolonic 
acid  (0.9  molecule)  were  dissolved  in  10  cc.  of  boiling  water.    The 
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salt  showed  a  tendency  to  separate  as  an  oil,  which,  however, 
changed  to  crystab  while  the  solution  was  still  warm.  Yield 
3.4  grams.  The  substance  melts  between  170®  and  180®,  with- 
out decomposition.    The  melting  point  is  not  sharply  defined. 

Analysis:  0.200  gram  substance;  12.95  cc.  N  at  23'',  760  mm. 

Calculated :       Found : 
NHrN 3.67  3.63 

Rotation:  0.0171  gram  substance;  solution  in  alcohol,  0.834  gram; 
concentration,  5.62  per  cent;  specific  gravity,  0.82;  rotation  in  0.5  dm. 
tube-  +0.54**. 

[a]*  =  +  23.4*'  =fc  0.2* 

The  free  valine  was  regained  from  0.5  gram  of  the  picrolonate  and  its 
rotation  determined :  substance,  0 .  1166  gram ;  solution  in  20  per  cent  hydro- 
chloric acid,  2.782  grams;  concentration,  4.19  per  cent;  specific  gravity, 
1  10;  rotation  in  2  dm.  tube  »  +  2.13''. 

[a]*  «  +  23.1*  =t  0.1* 

The  valine  from  which  the  picrolonate  was  made  had  been 
obtained  from  a  protein  hydrolysis  and  showed  practically  the  same 
rotation.  Taking  +  28.8®  as  a  rotation  of  optically  pure  d-valine, 
the  sample  used  is  calculated  to  contain  19.8  per  cent  of  racemic 
valine  and  80.2  per  cent  of  the  active.  Dividing  the  rotation  ob- 
served for  the  picrolonate  by  0.802  gives  +  29.2°  as  the  rotation 
of  the  picrolonate  of  the  pure  d-valine. 

dl-VaUne.  0.60  gram  of  Kahlbaum's  valine  and  1.32  grams 
of  picrolonic  acid  (1  molecule)  were  dissolved  in  15  cc.  of  boiling 
water.  Crystallization  began  while  the  solution  was  still  warm. 
Yield,  1.84  grams.  The  substance  melts  at  once  with  vigorous 
decomposition  if  plunged  into  a  bath  of  150°;  if  heated  from  below 
130°  upwards  it  gradually  darkens  and  sinters,  and  may  not  decom- 
pose until  it  reaches  220°. 

Analysis:  0.200  gram   ubstance;  13.0  cc.  N  at  21**,  754  mm. 

GaknilAtod:       Found: 
NHr-N 3.67  3.66 
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Solvbility  Deierminaiians, 

For  the  determmation  of  the  solubility  in  watei;  0.4  gram  of 
picrolonate,  finely  ground,  was  shaken  4-5  hours  with  15  ce.  of 
water  at  room  temperature,  which  varied  between  20  and  23®. 
The  solutions  were  filtered,  and  10  cc.  portions  of  the  filtrate 
evaporated  to  drjmess  in  weighed  glass  dishes.  The  results  are 
given  in  Table  1. 

For  the  determination  in  alcohol  the  same  technique  was  em- 
ployed, except  that  only  8  cc.  of  the  solvent  were  used  and  only 
5  cc.  evaporated.  The  following  picrolonates  are  readily  solu- 
ble in  cold  alcohol:  those  of  d-alanine,  d-isoleucine,  Z-leucine, 
dl-leucine,  tjrosine,  and  I-phenylalanine.  d-Valine  and  dl-valine 
dissolve  readily  when  alcohol  is  warmed  slightly.  The  following 
solubilities  in  absolute  alcohol  were  determined  quantitatively: 


TABLE  2. 


PICBOLONATB   OV 


<U-Phenylalanine . . . 
d/'Aspartic  acid  — 

<2^-Alanine 

<2/-Glutaininic  acid . 
/-Phenylalanine 


QBAMS  8OLUBLK  IN  100  cc. 
ALCOHOL  AT  20*  TO  »• 

0.81 

1.16 
2.88 
3.86 
6.71 


The  ^-phenylalanine  used  was  that  previously  described,  and 
contained  25  per  cent  of  the  racemic  substance.  Although  the 
figures  cannot,  therefore,  be  regarded  as  strictly  accurate,  they 
show  that  the  picrolonate  of  {-phenylalanine  is  several  times  more 
soluble  in  absolute  alcohol  than  that  of  the  (^-phenylalanine. 
By  utilizing  this  difference  in  solubility  I-  and  d2-phenylalanine 
can  be  partially  separated.  A  mixture  of  three  parts  active  and 
five  parts  inactive  picrolonate  was  shaken  with  twenty  parts 
of  alcohol.  Half  of  the  substance  was  dissolved.  Its  rotation 
showed  that  it  was  75  per  cent  active.  The  residue  was  abso- 
lutely inactive. 

Separation  of  Phenylalanine  and  Aspartic  Acid. 

In  20  cc.  of  boiling  water  were  dissolved  0.76  gram  of  phenyl- 
alanine (specific  rotation  —27°),  1.25  grams  (1  molecule)  picro- 
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Ionic  acid,  and  0.7  gram  of  ctt-aspartic  acid.  The  solution  was 
cooled  and  allowed  to  stand  two  hours  for  crystallization  to  be- 
come complete.  The  picrolonate  was  then  filtered  off  and  washed 
with  cold  water.  It  weighed  1.76  grams,  equivalent  to  0.678  gram 
of  phenylalanine.  Analysis  showed  it  to  be  the  pure  phenyl- 
alanine picrolonate. 

Analysis:  0.1354  gram  substance;  CO2,  0.2645  gram;  HsO,  0.0555 
gram. 

Calculated:       Found: 

C 53.12         53.13 

H 4.46  4.63 

In  a  similar  manner  we  were  able  to  separate  a  mixture  of  glu- 
taminic  acid  and  phenylalanine  which  we  encountered  in  a  hydro- 
lysis of  hemoglobin  that  will  shortly  be  the  subject  of  another 
article.  The  use  of  picrolonic  acid  in  the  isolation  of  phenylalanine 
by  the  ester  method  decidedly  improves  the  accuracy  of  the  deter- 
mination. Because  of  the  crystalline  nature  of  the  picrolonates 
and  the  insolubility  of  many  of  them,  it  is  possible  that  with  their 
assistance  the  number  of  amino-acids  which  can  be  obtained  from 
hydrolyzed  proteins  without  esterification  may  be  increased. 
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PROTEIN  METABOLISM  FROM  THE  STANDPOINT  OF 
BLOOD  AND  TISSUE  ANALYSIS. 

THIBD  PAPER. 

FURTHER  ABSORPTION  BXFBRIMSNTS  WITH  BSPBCIAL  REFBR- 

BNCB  TO  THB  BEHAVIOR  OF  CREATINE  AND  CRBATININE 

AND  TO  THB  FORMATION  OF  UREA. 

By  otto  FOLIN  and  W.  DENIS. 
(From  the  Biochemical  LabarcUary  of  Harvard  Medical  School,  Boston,) 

(Received  for  publication,  June  1,  1912.) 

The  hypothesis  that  the  nitrogenous  digestion  products  are 
resynthesised  into  albuminous  materials  while  passing  through  the 
mucous  membrane  of  the  intestine  and  therefore  cannot  be  detected 
in  the  blood  was  originally  advanced  to  explain  the  absence  of 
peptones  in  the  blood  during  digestion.  The  subsequent  discovery 
that  protein  digestion  normally  proceeds  further  than  to  the  pep- 
tone stage  and  results  in  the  formation  of  amino-acids  suggested 
another  explanation  of  the  earlier  negative  results.  As  the  attempts 
to  find  the  amino-acids  in  the  blood  were  no  more  successful  than 
had  been  the  earlier  attempts  to  find  the  peptones,  the  hypothesis 
of  the  immediate  resynthesis  of  the  digestion  products  into  albumin- 
ous substances  was  revived.  Kutscher  adopted  it^  and  Abder- 
halden  htus  become  more  and  more  positive  that  it  represents  the 
only  adequate  explanation  of  the  negative  results  obtained  by  him 
and  his  coworkers  in  their  search  for  peptones  and  amino-acids 
in  the  blood.  Since  the  resynthesis  hypothesis  is  based  on  nega- 
tive findings  alone  it  has  no  value  after  the  presence  in  the  blood 
of  amino-acids  absorbed  from  the  intestine  has  been  positively 
demonstrated.  In  our  first  paper^  we  showed  that  it  is  possible 
by  means  of  our  new  analytical  methods*  to  trace  urea,  ^ycocoll 
and  pancreatic  amino-acid  mixtures  not  only  into  the  blood,  bu^ 

^Zeitechr.  f.  phyeiol.  Chem.,  xxxiv,  p.  529,  19Q2. 
>  This  Journal,  id,  p.  87,  1912. 
» Ibid.,  id,  pp.  403-636,  1912. 
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also  into  the  general  tissues  of  the  body.  Moreover,  the  increases 
in  the  non-protein  nitrogen  of  the  blood  and  muscles  which  we 
have  obtained  in  absorption  experiments  are  large  enough  to 
account  for  practically  all  the  nitrogenous  material  absorbed  from 
the  intestine.  We  do  not  claim  to  account  exactly  or  quanti- 
tatively for  all  that  has  been  absorbed.  It  is  entirely  possible 
that  different  tissues  absorb  different  amounts  from  the  blood,  and 
we  have  therefore  omitted  all  calculations  tending  to  show  that 
all  the  absorbed  material  is  present  in  the  animal  in  non-protein 
form.  The  results  obtained  indicate,  however,  that  practically 
all  the  absorbed  nitrogen  can  be  accounted  for,  so  that  for  the 
present  at  least  the  hypothesis  of  immediate  protein  S3aithesi8  in 
the  walls  of  the  intestine  must  be  regarded  as  superfluous  and 
untenable. 

The  protein  regeneration  idea  served  only  as  an  explanation  of 
the  failure  to  find  the  absorbed  amino-acids;  it  was  anything  but  an 
explanation  of  the  formation  of  those  amino-acids  in  the  intestine; 
it  was  inconsistent  with  the  rapid  urea  elimination  after  protein 
feeding,  and  it  necessarily  presupposed  that  in  chemical  composi- 
tion the  serum  proteins  are  very  variable,  whereas,  on  the  contrary, 
they  appear  to  remain  decidedly  uniform  in  composition. 

As  an  explanation  of  the  failure  to  find  peptones  or  amino-acids 
in  the  blood  when  they  should  be  there  in  unusual  amounts,  the 
immediate  deaminizationhjrpothesis  therefore  seemed  more  plausi- 
ble than  the  protein  regeneration  doctrine,  and  was  usually  accepted 
as  a  working  hypothesis  by  those  who  could  not  accept  the  older 
theory  of  protein  synthesis. 

The  supposedly  high  ammonia  content  of  the  portal  blood,  and 
the  results  reported  by  Cohnheim*  on  the  production  of  ammonia 
and  volatile  bases  accompanying  the  disappearance  of  peptone 
and  amino-acids  from  the  digestive  tract  of  fishes  (when  isolated 
and  suspended  in  blood  or  salt  solutions)  pointed  certainly  in  the 
direction  of  deaminization.  The  experiments  of  Jacobi^  and  of 
Lang^  on  the  deaminization  of  amino-acids  by  tissue  extracts 

*Zeil8chr,  f.  phyaiol.  Chem.,  lix,  p.  239,  1909;  Ixi,  p.  181,  1909;  Ixxvi,  p. 
293,  1912.  In  his  last  paper  Cohnheim  reports  only  the  finding  of  ammonia 
and  no  amino-acids. 

» Zeitschr.f,  physiol.  Chem.,  xxx,  p.  149,  1900. 

•  Hofmeister's  Beitrdgc,  v,  p.  321,  1904. 
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seemed  to  furnish  direct  evidence  of  the  presence  of  deaminizing 
ferments  in  the  intestine  and  liver,  and  helped  therefore  mate- 
rially to  strengthen  the  theory  of  inmiediate  deaminization  as  the 
characteristic  feature  of  intermediary  protein  catabolism.  Folin's 
theory  of  protein  metabolism  is  based  on  the  same  conception. 
Folin  did  not  commit  himself  to  the  localization  of  the  deamini- 
zation process  in  the  intestine  and  liver,  though  he  believed  that 
those  organs  were  chiefly  responsible  for  the  ammonia  and  urea 
formations. 

The  immediate  deaminization  theory  failed  of  course  to  explain 
why  the  non-protein  nitrogen  did  not  increase  in  the  blood  during 
active  absorption.  The  adherents  of  that  theory  had  to  content 
themselves  with  the  ''calculations''  of  Bergmann  and  Langstein' 
and  others  that  the  speed  of  the  blood  was  so  great  as  to  remove 
the  urea  practically  as  fast  as  it  was  formed.  In  such  an  appli- 
cation of  these  calculations  it  is  tacitly  assumed  that  the  excretory 
capacity  of  the  k'dneys  is  quite  as  efiicient  as  the  absorptive 
capacity  of  the  intestine,  for  if  such  were  not  the  case,  the  volume 
and  speed  of  the  blood  stream  in  the  mesenteric  and  portal  circu- 
lation could  not  prevent  a  temporary  accumulation  of  the  absorbed 
digestion  products  in  the  blood. 

The  results  reported  in  our  first  paper  indicated  that  the  deami- 
nizing power  ascribed  to  the  intestine  and  liver  is  by  no  means 
adequate  to  prevent  the  accumulation  of  amino-acids  in  the  blood; 
and  in  our  second  paper^  we  showed  that  no  specialized  deamini- 
zation process  is  located  in  the  intestine,  and  that  the  ammonia  in 
the  portal  blood  is  very  small  in  amount  and  represents  the  absorp- 
tion of  ammonia  produced  in  the  intestinal  lumen,  chiefly  by 
putrefactive  bacteria. 

The  results  reported  in  our  first  two  papers  are  surprising  in  so 
far  as  they  failed  to  reveal  any  urea  formation  at  all  except  when 
ammonia  was  present  in  the  material  used  for  absorption.  This 
result  might  be  regarded  as  inconsistent  with  the  fact  shown  by 
ordinary  feeding  experiments  that  the  urea  elimination  is  rapidly 
increased  when  protein  or  amino-acids  are  fed  to  men  or  to  animals. 
The  inconsistency  is,  however,  more  apparent  than  real.  The 
"rapid  urea  elimination''  after  the  intake  of  nitrogenous  food  is 

'  Hofmei8ter*8  Beitrdge,  vi,  p.  27,  1904. 
•  Thia  Journal,  xi,  p.  161,  1912. 
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measured  by  hours,  whereas  in  our  absorption  experiments  we 
were  dealing  with  minutes,  and  did  not  carry  the  experiments 
beyond  one  hour.  The  negative  results  obtained  for  the  urea  dur- 
ing the  first  stages  of  absorption  prove  that  the  urea  formation 
is  not  localized  in  the  intestine  and  liver  for  the  purpose  of 
holding  back  all  amino-acids  which  are  not  needed  for  the  rebuild- 
ing of  body  tissues,  because  if  such  v^ere  the  case  the  increase  in 
the  urea  contents  of  the  blood  should  begin  practically  at  once, 
and  should  be  much  greater  than  the  accumulation  of  amino*acid 
nitrogen.  On  the  other  hand,  unless  we  could  show  that  the  urea 
formation  does  take  place  later  there  would  remain  a  discrepancy 
between  our  findings  and  the  facts  established  by  ordinary  feeding 
experiments.  In  this  paper  we  wish  to  report  results  which  seem 
to  clear  up  in  a  measure  the  formation  of  urea  from  amino-acids. 

Before  taking  up  the  consideration  of  experiments  specifically 
planned  to  throw  light  on  the  urea  formation  we  wish  to  record  a 
few  additional  absorption  experiments  with  substances  which  are 
not  adapted  for  the  study  of  the  urea  production. 

For  the  sake  of  brevity  we  wish  to  state  here  certain  details  which  repre- 
sent the  procedure  followed  in  all  the  experiments  recorded  in  this  paper 
unless  otherwise  described.  (1)  For  anesthetics  we  have  used  ether  alone, 
or  ether  together  with  a  subcutaneous  injection  of  morphine  sulphate,  or 
ether  with  chloretone  (the  latter  injected,  together  with  the  substance  inves- 
tigated ,  into  the  intestine) .  After  the  first  few  minutes  the  ether  was  admin- 
istered by  means  of  a  tracheal  cannula.  (2)  As  soon  as  the  animals  were 
unconscious  we  laid  bare  the  common  carotids  to  have  them  ready  when 
wanted  and  inserted  a  tracheal  cannula  in  the  usual  manner.  (3)  The  first 
sample  of  blood  was  then  taken  from  one  of  the  femoral  arteries  by  means 
of  a  2  or  5  cc.  pipette,  as  described  in  this  journal,*  the  gracilis  muscle  of 
the  opened  leg  was  dissected  out,  and  5  grams  of  it  was  immediately  cut 
fine  with  scissors  and  immersed  in  pure  methyl  alcohol.  (4)  The  abdomen 
of  the  animal  was  then  opened  and  ligatures  applied  to  the  small  intestine, 
one  just  below  the  stomach,  the  other  just  above  the  caeciun.  (5)  Unless 
otherwbe  stated  the  kidneys  were  not  ligatured  or  disturbed.  (6)  The 
substance  under  investigation,  dissolved  in  from  50  to  100  grams  of  water, 
was  then  injected  into  the  small  intestine  by  means  of  a  large  syringe  and 
a  hypodermic  needle  and  the  abdomen  promptly  closed  by  means  of  artery 
clips.  (7)  The  animal  was  kept  warm  by  means  of  an  electric  stove  below 
the  holding  frame.  (8)  The  alcoholic  blood  and  tissue  extracts  were  pre- 
pared as  described.^**    (9)  The  analytical  results  are  calculated  in  terms  of 


•  This  Journal,,  xi,  p.  527,  1912. 
"  Ibid.:  xi,  p.  528,  1912. 
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miUigrams  of  nitrogen  per  100  grams  of  blood  or  tissue.  (10)  The  difference 
between  the  amount  of  nitrogen  obtained  by  washing  out  the  intestine  at 
the  end  of  the  experiment  and  the  amount  of  nitrogen  contained  in  the 
injected  product  is  given  as  the  amount  of  substance  absorbed.  A  small 
error  may  be  involved  in  this  procedure,  but  in  order  to  keep  the  animals 
as  normal  as  possible  we  did  not  want  to  wash  out  the  intestine  before 
beginning  the  experiment.  We  have  washed  out  the  intestine  at  the  begin- 
ning and  have  found  only  a  few  (30  to  40)  milligrams  of  nitrogen,  so  the  error 
is  certainly  of  very  little  significance.  (11)  Unless  otherwise  stated,  no 
account  has  been  taken  of  the  absorption  of  water  from  the  intestine  or  of 
urine  elimination.  In  nearly  all  of  our  experiments  there  was  practically 
no  elimination  of  urine  as  the  bladder  remained  collapsed,  also  there  was  very 
little  water  absorption,  for  the  intestine  remained  full. 

ABSORPTION  OF  ASPARAGINE. 

ExPEiUMENT  1.  Cat  41  (weight,  3163  grains).  Last  feeding, 
twenty-four  hours  before  the  operation.  Anesthetic,  ether  and 
morphine.  After  ligaturing  the  blood  supply  of  both  kidneys  10 
grams  of  Kahlbaum's  asparagine  dissolved  in  about  100  cc.  of 
water  were  injected  into  the  ligatured  intestine.  Asparagine  is  not 
very  soluble  and  the  absorption  was  allowed  to  continue  for  two 
hours.    The  following  analytical  results  were  obtained. 

MiUi^ramt. 

Asparagine  nitrogen  injected 2154 

Asparagine  nitrogen  absorbed 1054 

I.    Non-protein  nitrogen,  control  blood 43 

tl.    Non-protein  nitrogen,  jugular  vein,  twenty-two  min- 
utes after  injection 49 

III.  Non-protein  nitrogen,  portal  vein,  twenty-four  min- 

utes after  the  injection 60 

IV.  Non-protein   nitrogen,  carotid   artery,    forty-seven 

minutes  after  the  injection 52 

V.    Non-protein  nitrogen,  carotid  artery,  one  himdred 

and  twenty  minutes  after  the  injection 62 

VI.    Non-protein  nitrogen,  portal  vein,  one  hundred  and 

twenty-three  minutes  after  the  injection 70 

VII.    Non-protein  nitrogen,  mesenteric  vein,  one  hundred 

and  twenty-nine  minutes  after  the  injection 83 

VIII.    Non-protein  nitrogen,  inferior  vena  cava,  one  hundred 

and  thirty-two  minutes  after  the  injection 62 

Non-protein  nitrogen  in  muscle  before  the  injection    200 
Non-protein  nitrogen  In  muscle  one  hundred  and 
thirty-seven  minutes  after  the  injection 235 
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In  the  case  of  asparagine  injections  it  is  useless  to  make  urea 
determinations  because  the  imide  group  is  not  sufficiently  stable 
to  resist  the  treatment  employed  for  decomposing  urea. 

The  figures  recorded  in  the  above  experiments  are  not  entirely 
satisfactory.  There  is  an  unmistakable  increase  in  the  non-protein 
nitrogen  of  the  blood  and  in  the  muscle  extract.  Quantitatively 
the  figures  are  perhaps  rather  smaller  than  they  should  be  on  the 
basis  of  the  asparagine  absorption.  The  explanation  of  the  nitrogen 
deficit  is  the  fact  that  asparagine  is  precipitated  together  with  the 
albuminous  materials  by  the  methyl  alcohol  used  as  a  precipitant. 
The  same  difficulty  is  met  with  even  with  such  a  soluble  product 
as  urea,  unless  the  precipitated  protein  materials  are  washed  with 
alcohol. 

The  loss  of  non-protein  nitrogen  involved  is  shown  in  the  experi- 
ment recorded  below. 

Experiment  2.  To  slaughter-house  blood  containing  30  mgm. 
of  non-protein  nitrogen  per  100  cc.  was  added  (1)  urea,  (2)  glyco- 
coll,  (3)  asparagine,  in  the  proportion  of  (a)  100,  (b)  50  mgm.  of 
nitrogen  per  100  cc.  of  blood.  After  precipitating  the  blood  in 
the  usual  manner  (but  without  washing  the  coagulum)  with  nine 
volumes  of  pure  methyl  alcohol  and  a  little  zinc  chloride,  the  fol- 
lowing figures  were  obtained  from  the  filtrates: 


1  a  Urea  nitrogen 

1  b  Urea  nitrogen 

2  a  GlycocoU  nitrogen. . 

2  b  GlycocoU  nitrogen.. 

3  a  Asparagine  nitrogen. 
3  b  Asparagine  nitrogen 


ADDED 

BECOVEIUBD 

mg. 

m0. 

100 

82 

50 

36 

100 

82 

50 

36 

100 

44 

50 

36 

By  varying  the  analytical  procedure  to  the  extent  of  washing 
the  precipitated  albuminous  material  with  fresh  portions  of  methyl 
alcohol  the  urea  and  glycocoll  added  to  the  blood  can  be  recovered 
almost  quantitatively,  but  with  asparagine  as  with  creatine  or 
creatinine  the  loss  remains  large.  Thus  when  adding  100  mgm.  of 
asparagine  nitrogen  we  recovered  only  33,  and  when  adding  50 
we  recovered  21. 
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In  all  cases,  but  particularly  in  the  case  of  asparagine,  the  values 
obtained  for  the  non-protein  nitrogen  of  the  blood  must  therefore 
be  regarded  as  minimum  values  so  far  as  the  increase  due  to  the 
absorbed  substance  is  concerned. 

ABSORPTION  OF  TYROSINE. 

In  view  of  the  insolubility  and  low  nitrogen  content  of  t3T0sine 
it  seemed  practically  hopeless  to  try  to  trace  its  transportation 
from  the  digestive  tract  to  the  blood  and  tissues  by  means  of  nitro- 
gen determinations.  The  negative  results  which  have  heretofore 
been  obtained  by  means  of  Millon's  reagent'^  also  indicate  that 
tyrosine  is  absorbed  very  slowly  indeed.  Millon's  reaction  is  how- 
ever not  a  particularly  delicate  one  for  the  detection  of  t3rrosine. 
One  part  in  10,000  seems  to  be  about  the  limit  for  an  unmistakable 
test  on.the  basis  of  that  reaction.  A  far  more  delicate  color  reaction 
for  t3rrosine  is  one  recently  discovered  by  Folin  and  Macallum  on 
the  basis  of  a  certain  phosphotungstic  phosphomolybdic  compound, 
the  exact  composition  of  which  we  do  not  know,  but  the  practical 
preparation  of  which  is  described  elsewhere."  By  means  of  this 
reagent  we  obtain  an  unmistakable  blue  color  with  solutions  con- 
taining 1  part  of  tyrosine  in  1  million  parts  of  water.  Here  we 
had,  therefore,  a  method  by  means  of  which  it  should  be  an  easy 
matter  to  trace  tyrosine  in  the  body. 

Experiment  3.  Cat  48  (weight,  2530  grams).  Last  feeding, 
twenty-four  hours  before  the  operation.  Anesthetic,  ether  and 
morphine.  Two  grams  of  t3rrosine  dissolved  in  about  125  cc.  of 
warm  1  per  cent  sodium  carbonate  solution  was  used  for  the  injec- 
tion. More  t3T0sine  could  not  be  used  for  want  of  a  suitable 
solvent.  The  usual  nitrogen  determinations  were  made  on  the 
blood  and  on  muscle  extracts  only  to  determine  whether  any 
increase  in  the  non-protein  nitrogen  occurs  in  the  absence  of  active 
absorption. 

MiUigranu, 

I.    NoD-proteiD  nitrogen  in  control  blood 39 

Urea  nitrogen 20 

II.    Non-protein   nitrogen,   carotid   artery,   eighty-four 

minutes  after  the  injection 40 

Urea  nitrogen 20 

"  H.  C.  Bradley:  This  Journal,  xi,  p.  10,  1912. 
"  See  the  next  number  of  this  JottmaL 
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III.  Non-protein  nitrogen,  carotid  artery,  one  hundred  and 

eighty  minutes  after  the  injection 39 

Urea  nitrogen 19 

IV.  Non-protein  nitrogen,  portal  vein,  one  hundred  and 

eighty-three  minutes  after  the  injection 39 

Urea  nitrogen 20 

V.    Non-protein  nitrogen,  mesenteric  vein,  one  hundred 

and  eighty-six  minutes  after  the  injection 39 

Urea  nitrogen 19 

Non-protein  nitrogen  in  muscle  before  the  injection . . .  180 
Urea  nitrogen 26 

Non-protein  nitrogen  in  muscle  one  hundred  and  ninety 

minutes  after  the  injection 180 

Urea  nitrogen , 26 

For  the  colorimetric  test  for  tjrosine  we  evaporated  20  cc.  of 
the  alcoholic  filtrates  in  the  usual  manner,  and  added  first  about 
1  cc.  of  the  phosphotungstic-molybdenum  reagent,  2  or  3  cc.  of 
water,  and  then  solid  sodium  carbonate  in  excess  (as  much  as  would 
dissolve).  The  control  extracts  of  blood  and  muscle  gave  an 
extremely  faint  reaction,  while  all  the  other  tests  both  in  the  blood 
and  in  the  second  muscle  extract  were  so  strong  as  to  un  i  istak- 
ably  prove  the  presence  of  the  t3rrosine.  It  seemed  hardly  worth 
while  to  make  the  test  quantitative  because  of  the  small  amounts 
involved,  but  the  reaction  is  decided  enough  to  be  available  for 
quantitative  purposes. 

ABSORPTION  OP  CREATININE. 

Creatinine  like  asparagine  adheres  so  tenaciously  to  the  albumi- 
nous precipitate  produced  on  adding  alcohol  to  blood  that  all  of 
it  cannot  be  recovered.  The  absorption  and  general  distribution 
of  creatinine  is  however  easily  demonstrated  by  means  of  the  non- 
protein nitrogen  determinations.  The  colorimetric  estimation  of 
creatinine  in  the  alcoholic  blood  and  tissue  extracts  proved  at  first 
rather  puzzling.  Although  our  nitrogen  determinations  showed 
that  our  extracts  contained  enough  of  the  absorbed  creatinine  to 
make  a  colorimetric  determination  feasible,  we  failed  to  get  even  a 
sure  qualitative  test  with  the  alkaline  picrate  reagent.  The  nega^ 
tive  results  could  have  been  due  to  the  transformation  of  creatinine 
into  creatine,  although  this  seemed  unlikely  from  what  we  know 
concerning  the  metabolism  of  these  two  products.    Boiling  the 
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extracts  with  hydrochloric  acid  or  heating  the  dry  residues  failed 
however  to  yield  the  creatinine  reaction.  The  true  explanation 
was  found  on  adding  creatinine  directly  to  alcoholic  blood  extracts. 
The  negative  results  obtained  are  due  to  the  presence  in  such  extracts 
of  some  inhibiting  substance.  Fortunately  that  substance  is  solu- 
ble in  ether  and  in  chloroform.  The  fact  that  muscle  and  blood 
contain  substances  which  interfere  with  the  colorimetric  determina- 
tion of  creatinine  doubtless  invalidates  at  least  some  of  the  creatine 
and  creatinine  determinations  recorded  in  the  literature.  The 
creatinine  determinations  of  Noel  Paton"  in  goose  flesh,  for  exam- 
ple, were  made  under  conditions  which  precluded  his  finding  any 
creatinine  which  might  have  been  present  in  his  muscle  extracts. 
To  test  for  creatinine  or  to  determine  it  we  have  therefore  worked 
out  the  following  procedure:  To  the  alcoholic  blood  or  tissue 
extract  in  an  evaporating  dish  add  0.1  or  0.2  gram  of  picric  acid 
(in  methyl  alcohol  solution)  and  evaporate  to  dryness.  Wash  the 
residue  several  times  with  chloroform  saturated  with  picric  acid 
and,  finally,  once  with  pure  chloroform.  Then  add  a  little  water 
and  alkali  in  the  usual  manner  and  make  up  to  a  suitable  volume 
(usually  25  or  50  cc). 

Ab  a  standard  for  such  creatinine  determinations  pure  creatinine  solutions 
are  rather  more  satisfactory  than  the  half-normal  potassiiun  bichromate 
solutions  originally  recommended  by  Folin.  Creatinine  keeps  indefinitely 
in  tenth-normal  hydrochloric  acid  solutions,  and  since  creatinine  can  now 
easily  be  prepared  in  pure  condition,  the  chief  reason  for  using  the  bichro- 
mate as  a  standard  no  longer  holds.  One  gram  of  creatinine  dissolved 
in  a  liter  of  tenth-normal  acid  can  be  used  for  several  hundred  determina 
tions  by  taking  1  cc.  and  making  the  reaction  in  a  50  cc.  volumetric  flask. 

Experiment  4.  Cat  42  (weight,  2353  grams) .  Three  days  after 
the  last  feeding  the  animal  was  anesthetized  (ether  and  morphine), 
the  right  kidney  was  removed,  the  ureter  of  the  left  kidney  was 
ligatured,  and  6  grams  of  creatinine  together  with  about  100  of 
wat^r  were  introduced  into  the  ligatured  intestine. 

MiUigrama. 

Creatinine  nitrogen  injected 2172 

Creatinine  nitrogen  absorbed  in  ^ighty  minutes 822 

I.    Non-protein  nitrogen  in  control  blood 31 

Urea  nitrogen 17 

"  Journ,  of  Physiol. .  xxxix,  p.  488,  1910. 
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II  *  Non-protein  nitrogen,  carotid  artery,  nine  minutes 

after  the  injection 60 

Urea  nitrogen 18 

III.    Non-protein  nitrogen,  portal  vein,  fourteen  minutes 

after  the  injection 79 

Urea  nitrogen 18 

rV.    Non-protein  nitrogen,  portal  vein^  fifty-one  minutes 

after  the  injection 91 

Urea  nitrogen 17 

V.    Non-protein  nitrogen,  carotid  artery,  fifty-four  min- 
utes after  the  injection 78 

Urea  nitrogen 17 

VI.    Non-protein,  mesenteric  vein,  sixty-seven  minutes 

after  the  injection 104 

Urea  nitrogen 17 

VII.    Non-protein  nitrogen,  carotid  artery,  eighty  minutes 

after  the  injection 91 

Urea  nitrogen 18 

Non-protein  nitrogen  in  muscle  before  the  injection.  216 

Urea  nitrogen 26 

Non-protein  nitrogen  in  muscle  eighty  minutes  after 

the  injection 250 

Urea  nitrogen 26 

Non-protein  nitrogen  in  kidney  before  the  injection . .  147 

Urea  nitrogen 19 

NoB-protein  nitrogen  in  kidney  eighty  minutes  after 

the  injection 181 

Urea  nitrogen 16 

The  coloriinetric  creatinine  determinations  shattered  in  this 
experiment  for  reasons  which  we  have  aheady  described.  We 
had  kept  some  of  the  samples  of  blood,  however,  and  later  made 
colorimetric  determinations  on  blood  samples  IV,  V,  and  VI. 
The  colorimetric  values  obtained  gave  us  51,  44  and  70  mgm., 
respectively,  per  100  cc.  of  blood  for  the  creatinine  nitrogen.  The 
corresponding  direct  nitrogen  determinations,  after  subtracting  the 
normal  value  31,  are  65,  47  and  73. 

Experiment  5.  Cat  44  (weight,  2743  grams).  For  two  weeks 
prior  to  the  experiment  this  animal  had  been  kept  on  a  low  nitrogen 
diet  consisting  of  rice  (25  grams)  and  cream  (50  cc,  15  per  cent 
fat).  For  anesthetic  we  used  ether  and  morphine.  Before  inject- 
ing the  creatinine  solution  the  bladder  was  emptied  by  means  of 
a  syringe. 
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MiUigramt. 

Creatinine  iiitrogen  injected 2172 

Creatinine  nitrogen  absorbed  in  one  hundred  and 

twenty-three  minutes 922 

I.    Non-protein  nitrogen  in  control  blood 30 

Urea  nitrogen 20 

II.    Non-protein  nitrogen,  portal  vein,  one  hundred 

and  twenty  minutes  after  the  injection 45 

Urea  nitrogen 21 

Creatinine  nitrogen,  colorimetric  determina- 
tion        12  (15) 

III.  Non-protein  nitrogen,  mesenteric  vein,  one  hun- 

dred  and   twenty-three   minutes   after   the 

injection 56 

Urea  nitrogen 21 

Creatinine  nitrogen,  colorimetric  determina- 
tion       25  (26) 

IV.  Non-protein  nitrogen,  iliac  vein,  one  hundred 

and  twenty-five  minutes  after  the  injection. .      42 

Ureanitrogen 21  (22) 

Creatinine  nitrogen,  colorimetric  determina- 
tion         9 

V.    Non-protein  nitrogen,  iliac  artery,  one  hundred 

and  twenty-seven  minutes  after  the  injection . .    45 
Creatinine  nitrogen,  colorimetric  determina- 
tion         12  (15) 

Non-protein  nitrogen  in  muscle  before  the  injec- 
tion      130 

Urea  nitrogen 16 

Creatinine  nitrogen,  colorimetric  test trace 

Non-protein  nitrogen  in  muscle  one  hundred  and 

twenty-seven  minutes  after  the  injection ...     180 

Urea  nitrogen 16 

Creatinine  nitrogen,  colorimetric  determina- 
tion       54  (50) 

The  most  striking  difference  in  the  results  recorded  in  Experi- 
ments 4  and  5  is  the  different  distribution  of  the  absorbed  creat- 
inine. In  the  former  there  is  a  greater  accumulation  in  the  blood, 
and  in  the  latter  the  muscles  have  taken  up  a  greater  proportion. 
It  is  not  possible  at  the  present  time  to  definitely  explain  this 
variation.  The  two  experiments  are  not  strictly  similar.  The 
absorption  periods  are  longer  in  Experiment  5,  and  it  is  quite 
likely  that  the  speed  of  the  absorption  diminishes  as  the  absorbed 
product  accumulates  in  the  blood,  and  that  the  muscles  therefore 
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absorb  a  larger  proportion.  Further,  Cat  42  had  been  fed  on  a 
protein-rich  diet  preliminary  to  the  fasting,  while  Cat  44  (Experi- 
ment 5)  had  been  kept  on  a  low  nitrogen  diet  which,  especially 
in  a  natm*ally  high  protein  animal  like  the  cat,  might  leave  the 
muscles  imusually  low  in  non-protein  nitrogen  and  thereby  lead 
to  a  greater  avidity  for  the  absorbed  products.  The  non-protein 
nitrogen  per  100  grams  of  control  muscle  in  Cat  42  is  214  mgm,, 
as  against  only  130  mgm.  in  Cat  44.  In  Cat  42  the  elimination 
of  urine  had  been  prevented,  but  this  has  little  to  do  with  the 
result,  for  in  the  bladder  of  Cat  44  we  obtained  only  a  small  quan- 
tity of  urine  secreted  during  the  experiment  and  it  contained  only 
a  few  milligrams  of  creatinine.  During  the  last  few  years  nimierous 
interesting  and  suggestive  papers  have  appeared  on  creatine  and 
creatinine,  on  the  transformation  of  the  one  into  the  other,  and 
vice  versa,  as  well  as  on  their  complete  destruction  within  the  body. 
The  results  of  our  absorption  experiments  seem  to  throw  some  new 
light  from  a  different  angle  on  the  problems  thus  raised.  The 
hypothetical  transformation  of  creatinine  into  creatine  in  the  mus- 
cles, as  suggested  by  Mellanby,"  or  by  means  of  ferments,  as 
claimed  by  Gottlieb  andStangassinger,^'  is  not  founded  on  convinc- 
ing experiments  and  is  certainly  not  supported  by  the  determina- 
tions recorded  above.  Considering  the  nature  of  our  experiments 
and  the  somewhat  preliminary  character  of  the  analytical  tech- 
nique, the  colorimetric  values  obtained  for  the  creatinine  in  the 
blood  as  well  as  in  the  muscle  correspond  surprisingly  well  with  the 
total  increase  in  the  non-protein  nitrogen. 

To  make  this  point  clear  we  have  inserted  in  brackets  opposite* 
the  creatinine  nitrogen  figures  the  corresponding  figures  derived 
from  the  total  non-protein  nitrogen  determinations. 

According  to  the  experiments  of  Gottlieb  and  Stangassinger  the 
tissues  of  the  animal  body  contain  not  only  ferments  capable  of 
transforming  creatinine  into  creatine  but  also  ferments  capable  of 
decomposing  creatine  and  creatinine.  The  figures  which  we  have 
obtained  for  the  urea  in  the  above  experiments  are  however  entirely 
negative  so  far  as  the  "destruction"  of  creatinine  is  concerned. 
And  since  our  results  were  obtained  from  experiments  with  living 
animals  we  are  inclined  to  insist  that  the  results  obtained  by  Gott- 

"  Journ.  of  Physiol,  xli,  p.  447,  1908. 

^*  Zeitschr,  f.  physiol.  Chem.,  lii,  p.  1,  1908;  Ivii,  p.  131,  1908. 
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lieb  and  Stanf^assinger  in  their  autolysis  and  perfusion  experiments 
have  no  bearing  on  the  processes  of  animal  metabolism.  More- 
over, the  analytical  results  of  Gottlieb  and  Stangassinger  are  more 
or  less  open  to  suspicion  in  view  of  the  circumstance  that  they  did 
not  discover  and  did  not  take  into  accoimt  the  fact  that  blood  and 
tissues  contain  substances  which  interfere  with  the  colorimetric 
creatinine  determinations.  Their  conclusion  that  the  figures  they 
obtained  represented  maximum  values  because  of  other  substances 
giving  the  same  reaction  is  certainly  untenable.  To  be  sure  Van 
Hoogenhuyze  and  Verploegh  have  verified  their  results^*  but  Mel- 
lanby  on  the  other  hand  was  unable  to  do  so.  At  all  events  our 
results  lend  no  support  to  the  theory  that  the  animal  body  contains 
special  fennents  for  the  destruction  of  creatinine. 

ABSOBPnON  OF  CREATINE. 

In  the  study  of  the  creatine  we  have  made  use  of  the  following 
method: 

To  10  to  20  cc.  of  the  alcoholic  blood  or  tissue  extract  contained  in  a 
large  test  tube  is  added  0.1  to  0.2  gram  of  picric  acid  dissolved  in  methyl 
alcohol  and  the  mixture  evaporated  to  dryness  in  a  boiling  water  bath.  The 
addition  of  a  few  strands  of  shredded  asbestos  prevents  bumping  and  facili- 
tates the  subsequent  solution.  When  all  alcohol  has  been  driven  off  the 
tubes  are  stoppered  with  tin  foil  and  heated  in  an  autoclave  at  130°  to  135° 
for  30  minutes.  When  cool  the  creatinine  picrate  is  washed  with  chloro- 
form, etc.,  as  described  above  under  the  determination  of  creatinine. 

Experiment  6.  Cat  43  (weight,  2300 grams).  Anesthetic,  ether 
and  morphine.  For  twelve  days  previous  to  the  experiment  this 
animal  had  been  kept  on  the  low  nitrogen  rice  and  cream  diet 
described  abo^e.  The  right  kidney  was  taken  out  before  the 
injection  of  5.7  grams  creatine  dissolved  in  about  100  cc.  of  water. 

Creatine  nitrogen  injected 15d6 

Creatine  nitrogen  absorbed  in  forty-four  minutes  . . .  387 

I.    Non-protein  nitrogen  in  control  blood 31 

Urea  nitrogen    20 

II.    Nob-protein  nitrogen,  portal  vein,  fourteen  minutes 

.    after  the  injection 35 

Urea  nitrogen 20 

>•  ZeitMchr.  f.  phynoL  Chem.,  Ivii,  p.  206,  1906. 
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III.  Non-protein  nitrogen,  carotid  arteryi  fourteen  min- 

utes after  the  injection 34 

Urea  nitrogen 20 

Creatine trace 

IV.  Non-protein  nitrogen,  portal  vein,  thirty-four  minutes 

after  the  injection 35 

Urea  nitrogen 19 

Creatine  nitrogen,  colorimetric  determination 4 

V.    Non-protein  nitrogen,  portal  vein,  ninety-five  minutes 

after  the  injection 43 

Urea  nitrogen 20 

VI.    Non-protein  nitrogen,   mesenteric  vein,   ninety Hsix 

minutes  after  the  injection 50 

Creatine  nitrogen,  colorimetric  determination —  17 
VII .    Non-protein  nitrogen,  carotid  artery,  one  hundred  and 

two  minutes  after  the  injection 41 

Urea  nitrogen 20 

Creatine  nitrogen,  colorimetric  determination 12 

VIII.    Non-protein  nitrogen,  mesenteric  vein,  one  hundred 

and  four  minutes  after  the  injection 77 

Creatine  nitrogen,  colorimetric  determination 48 

Non-protein  nitrogen  in  muscle  before  the  injection . .  175 

Urea  nitrogen 17 

Creatine  nitrogen,  colorimetric  determination 50 

Non-protein  nitrogen  in  muscle  one  hundred  and  four 

minutes  after  the  injection 193 

Urea  nitrogen 21 

Creatine  nitrogen,  colorimetric  determination 85 

Non-protein  nitrogen  in  right  kidney  before  the 

injection 140 

Creatine absent 

Non-protein  nitrogen  in  left  kidney  one  hundred  and 

four  minutes  after  the  injection 160 

Creatine  nitrogen,  colorimetric  determination 25 

Experiment  7.  Cat  50  (weight,  2293  grains) .  Anesthetic,  ether 
and  morphine.  This  cat  had  been  fed  150  grams  of  eggs  daily 
for  3  days  before  the  beginning  of  the  experiment  but  received  no 
food  during  the  last  twenty-six  hours.  The  results  of  the  preceding 
experiment  showed  that  it  is  useless  to  introduce  very  much  creatine 
because  it  precipitates  in  the  intestines.  In  this  case  we  used 
therefore  only  3.6  grams  dissolved  in  about  75  cc.  of  water.  The 
kidneys  were  left  undisturbed,  but  the  bladder  was  emptied  before 
the  injection. 
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Creatine  nitrogen  injected 1000 

Creatine  nitrogen  absorbed  in  one  hundred  and  twenty- 
nine  minutes 600 

I.    Non-protein  nitrogen  in  control  blood 67 

Urea  nitrogen 37 

II.    Non-protein  nitrogen,  j ugular  vein,  forty-five  minutes 

after  the  injection 70 

Urea  nitrogen 36 

Creatine  nitrogen,  colorimetric  determination 15 

III.  Non-protein  nitrogen,  carotid  artery,  one  hundred 

and  twenty  minutes  after  the  injection 84 

Urea  nitrogen 36 

Creatine  nitrogen,  colorimetric  determination 19 

IV.  Non-protein  nitrogen,  carotid  artery,  one  hundred 

and  eighty  minutes  after  the  injection 94 

Urea  nitrogen 36 

Creatine  nitrogen,  colorimetric  determination 25 

V.    Non-protein  nitrogen,  iliac  vein,  one  hundred  and 

eighty-three  minutes  after  the  injection 94 

Urea  nitrogen 36 

VI.    Non-protein  nitrogen,  hepatic  vein,  one  hundred  and 

eighty-nine  minutes  after  the  injection 94 

Urea  nitrogen 38 

Creatine  nitrogen,  colorimetric  determination 25 

Non-protein  nitrogen  in  muscle  before  the  injection . .  232 

Urea  nitrogen 25 

Non-protein  nitrogen  in  muscle  one  hundred  and 

eighty-nine  minutes  af t^er  the  injection 270 

Urea  nitrogen 25 

In  the  last  experiment  we  obtained  for  the  first  time  a  marked  absorption 
6f  water  from  the  intestine  and  also  a  considerable  elimination  of  urine. 
The  urine  (30  cc.)  contained  so  much  creatine  that  about  an  hour  after  we 
had  drawn  it,  the  creatine  began  to  crystallise  out.  To  prevent  the  crys- 
tallixation  we  added  3  drops  of  concentrated  hydrochloric  acid  and  immedi- 
ately determined  the  preformed  creatinine.  The  analytical  figures  (in 
grams  per  100  cc.)  obtained  on  the  urine  are  as  follows:  Total  nitrogen,  1.7; 
urea  nitrogen,  0.27;  creatinine  nitrogen,  0.02;  creatine  nitrogen,  0.66. 
This  urine  also  contained  2.65  per  cent  of  sugar.  The  cat,  not  a  very  tame 
one,  got  away  from  us  and  hid  behind  the  laboratory  desks  for  almost  an 
hour  before  he  was  again  captured.  Notwithstanding  the  unconsciousness 
of  the  animal  the  ''emotional  glycosuria,  "described  by  Cannon, '^evidently 
persisted  till  the  end  of  the  experiment. 


»^  Amer.  Joum,  of  PhynoL,  xxix,  p.  280,  1911. 
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With  reference  to  the  question  of  decomposition  and  urea  forma- 
tion the  figures  recorded  above  indicate  that  none  of  the  absorbed 
creatine  has  been  converted  into  urea.  The  absence  of  demon- 
strable decomposition  and  urea  formation  is  thus  in  harmony  with 
the  "disappearance"  of  creatine  reported  by  Folin**  on  the  basis 
of  feeding  experiments  with  the  same  substance.  Folin's  experi- 
mental results  were  more  or  less  identical  with  those  obtained  by 
Klercker  and  they  have  since  been  verified  by  Van  Hoogenhuyze 
and  Verploegh"  and  others.  Folin's  interpretation  with  reference 
to  the  disappearance  of  the  creatine  nitrogen  has  as  yet  been 
neither  verified  nor  disproved,  though  it  has  met  with  considerable 
skepticism.  Van  Hoogenhuyze  and  Verploegh,  and  PekelharinR*® 
as  well  as  To wles  and  Voegtlin^^  all  take  for  granted  that  a  large  part 
of  the  creatine  which  gets  into  the  circulation  must  be  destroyed. 
The  point  of  view  is  a  perfectly  legitimate  one  as  an  explanation 
of  the  fact  that  only  a  very  small  fraction  of  injected  creatine 
can  be  traced  to  the  urine  as  creatine,  and  still  less,  if  any,  as  creat- 
inine. Experimental  proof  that  the  nitrogen  of  injected  creatine 
is  eliminated  as  urea  is,  however,  still  conspicuously  absent.  This 
is  all  the  more  remarkable  in  view  of  the  chemically  unstable  char- 
acter of  creatine  as  compared  with  the  typical  urea-formers,  the 
amino-acids.  So  far  as  any  special  destructive  or  transforming 
power  of  the  liver  is  concerned,  whether  it  be  of  creatine  into 
creatinine  or  into  urea,  or  of  creatinine  into  creatine  or  urea,  we 
have  failed  to  find  any  evidence  of  it.  The  blood  which  contained 
large  quantities  of  creatine  and  which  must  have  passed  through 
the  liver  a  great  many  times  gave  no  stronger  creatinine  reaction 
than  did  the  control  blood.  In  this  respect  our  results  are  there- 
fore in  harmony  with  the  recent  observations  by  Towles  and 
Voegtlin**  on  feeding  creatine  and  creatinine  to  dogs  with  an  Eck's 
fistula. 

THE   FORMATION   OF  UBBA. 

In  discussing  the  experimental  results  obtained  with  creatine  and 
creatinine  we  have  used  the  absence  of  a  demonstrable  urea  for- 

i*  HammarsUn's  FesUchrift,  1906. 

"  Loc.  cit. 

"  Zeitschr,  f,  physiol.  Chem,,  Ixxv,  p.  214,  1911. 

"  This  Journal,  x,  p.  496,  1912. 

•■  Loc.  cit,  ^  _ 
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mation  as  an  argument  against  theh3rpothe8is  that  these  two  prod- 
ucts are  extensively  destroyed  in  the  body.  In  doing  so  we  have 
foreshadowed  the  point  which  we  propose  to  prove  in  this  section, 
namely,  the  formation  of  urea  from  amino-acids  under  the  condi- 
tion of  our  absorption  experiments. 

In  our  earlier  work  we  were  particularly  bent  on  showing  and 
emphasising  the  fact  and  the  speed  of  the  absorption  of  amino-acids, 
and  consequently  made  experiments  of  comparatively  short  dura- 
tion. The  result  was  a  rapid  absorption  unaccompanied  by  any 
unmistakable  urea  formation.  The  experiments  which  we  now 
wish  to  report  were  planned  specifically  for  the  purpose  of  showing 
the  formation  of  urea  from  the  absorbed  products,  hence  we  have 
as  a  rule  drawn  no  blood  during  the  first  half  hour  after  the  injec- 
tion, and  have  continued  the  experiments  longer  than  in  our  earlier 
work — ^from  two  to  four  hours. 


ALANINE  ABSORPTION  AND  UREA  FORMATION. 

Experiment  8.  Cat  46  (weight,  2030  grams).  In  the  early 
stages  of  pregnancy.  Last  feeding  (meat)  twenty-four  hours 
before  the  operation.    Anesthetic,  ether  and  morphine. 

Mitkgramt. 

Alanine  nitrogen  injected  (in  70  grams  of  water) 1500 

Alanine  nitrogen  absorbed  in  one  hundred  and  sixty- 
eight  minutes 600 

I.    Non-protein  nitrogen,  control  blood 41 

Urea  nitrogen 25 

II.    Non-protein  nitrogen,  carotid  artery,  sixty-two  min- 
utes after  the  injection 49 

Urea  nitrogen 26 

III.  Non-protein  nitrogen,  carotid  artery,  one  hundred 

and  thirty-two  minutes  after  the  injection 56 

Urea  nitrogen 36 

IV.  Non-protein  nitrogen,  portal  vein,  one  hundred  and 

sixty-eight  minutes  after  the  injection 70 

Urea  nitrogen 38 

Non-protein  nitrogen  in  muscle  before  the  injection . .  194 

Urea  nitrogen 26 

Non-protein  nitrogen  in  muscle  one  hundred  and 

eighty  minutes  after  the  injection 232 

Urea  nitrogen 41 
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Experiment  9.  Cat  53  (weight,  1193  grams).  Young  ani- 
mal fed  on  rice  and  cream  (eight  days). 

MiOi0ram9. 

Alanine  nitrogen  injected  (in  35  grams  of  water) 500 

Alanine  nitrogen  absorbed  in  one  hundred  and  eighty- 
two  minutes 458 

I.    Non-protein  nitrogen,  control  blood 35 

Urea  nitrogen 17 

II.    Non-protein  nitrogen,  carotid  artery,  seventy-four 

minutes  after  the  injection 65 

Urea  nitrogen 23 

III.  Non-protein  nitrogen,  carotid  artery,  one  hundred 

and  eighty  minutes  after  the  injection 88 

Urea  nitrogen 35 

IV.  Non-protein  nitrogen,  hepatic  vein,  one  hundred  and 

eighty-two  minutes  after  the  injection 88 

Urea  nitrogen 35 

Non-protein  nitrogen  in  muscle**  before  the  injection  216 

Urea  nitrogen 30 

Non-protein  nitrogen  in  muscle**  one  hundred  and 

eighty-two  minutes  after  the  injection 248 

Urea  nitrogen 38 

GLYCOCOLL  ABSORPTION  AND  URI^A  FORMATION. 

Experiment  10.  Cat  47  (weight,  2293  grams).  Fed  on  meat 
for  eight  days.  Last  feeding,  twenty-eight  hours  before  the  opera- 
tion.   Anesthetic,  ether  and  chloretone. 

MiUi§ntn*. 

Qlycocoll  nitrogen  injected  (in  100  grams  of  water) . .  1867 
Glycocoll  nitrogeiutbsorbed  in  two  hundred  and  thirty 

minutes 917 

I.    Non-protein  nitrogen,  control  blood 60 

Urea  nitrogen 34 

II.    Non-protein  nitrogen,  carotid  artery,  one  hundred 

and  twenty  minutes  after  the  injection 100 

Urea  nitrogen 44 

III.    Non-protein  nitrogen,  carotid  artery,  one  hundred 

and  eighty  minutes  after  the  injection 101 

Urea  nitrogen 60 

rV.    Non-protein  nitrogen,  portal  vein,  two  hundred  and 

twenty-two  minutes  after  the  injection 128 

Urea  nitrogen 58 

^  Only  2.5  grams  muscle  (gracilis)  taken  for  analysis. 
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MiUiiranu. 
V.    Non-protein  nitrogen,  iliac  artery,  two  hundred  and 

thirty  minutes  after  the  injection 124 

Urea  nitrogen 60 

Non-protein  nitrogen  in  muscle  before  the  injection . .  248 

Urea  nitrogen 42 

Non-protein  nitrogen   in  muscle  two  hundred  and 

forty  minutes  after  the  injection 304 

Urea  nitrogen 54 

ExPEROfENT  11.  Cat  52  (weight,  1043  grams).  This  was  a 
very  young  animal  and  had  been  fed  on  rice  and  cream  for  seven 
days,  last  feeding  being  twenty-four  hours  before  operation. 
Anesthetic,  ether  and  morphine. 

MilUgranu. 

GlycocoU  nitrogen  injected  (in  30  grams  of  water) 558 

Glycocoll  nitrogen  absorbed  in  one  hundred  and 

twenty  minutes 158 

I.    Non-protein  nitrogen,  control  blood 29 

Urea  nitrogen 16 

II.    Non-protein  nitrogen,  carotid  artery,  sixty  minutes 

after  the  injection 42 

Urea  nitrogen 24 

III.    Non-protein  nitrogen,  carotid  artery,  one  hundred 

and  twenty  minutes  after  the  injection 56 

Urea  nitrogen 30 

Non-protein  nitrogen  in  muscle  **  before  the  injection  200 

Urea  nitrogen 24 

Non-protein  nitrogen  in  muscle*^  one  hundred  and 

twenty  minutes  after  the  injection 236 

Urea  nitrogen 30 

In  addition  to  the  four  experiments  recorded  above  on  the  urea 
formation  from  amino-acids,  we  have  made  many  others;  but  as 
they  all  show  substantially  the  same  thing  and  nothing  more,  it 
seems  hardly  worth  while  to  publish  them.  Those  already  cited 
prove  definitely  that  at  the  end  of  an  hour  or  more  the  formation 
of  urea  from  the  absorbed  amino-acids  has  begun  and  is  unmis- 
takably demonstrable.  In  fact  we  have  some  experiments  where 
the  urea  increase  is  marked  at  the  end  of  45  minutes.  When 
substances  other  than  pure  amino-acids  are  injected  the  urea 
formation  begins  much  earlier.  This  is  true,  for  example,  for 
Witte's  peptone. 

^  Only  2.5  grams  muscle  (gracilis)  taken  for  analysis. 
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PEPTONE  ABSORPTION  AND  UREA  FORMATION. 

Experiment  12.  Cat  51  (weight,  3593  grams).  Last  feeding 
(meat)  twenty-six  hours  before  the  operation.  Anesthetic,  ether 
and  morphine. 

MiUigrmma. 

Peptone  nitrogen  injected 500 

Peptone  nitrogen  absorbed  in  one  hundred  and  ninety- 
three  minutes 225 

I.    Non-protein  nitrogen,  control  blood 54 

Urea  nitrogen 26 

II.    Non-protein  nitrogen,  carotid  artery,  twenty-three 

niinutes  after  the  injection 66 

Urea  nitrogen 34 

III.  Non-protein  nitrogen,  carotid  artery,  one  hundred 

and  ten  minutes  after  the  injection 72 

Urea  nitrogen 40 

IV.  Non-protein  nitrogen,  iliac  vein,  one  hundred  and 

seventy-five  minutes  after  the  injection 86 

Urea  nitrogen 54 

V.    Non-protein  nitrogen,  iliac  artery,  one  hundred  and 

eighty  minutes  after  the  injection 86 

Urea  nitrogen 54 

VI.    Non-protein  nitrogen,  hepatic  vein,  one  hundred  and 

ninety-three  minutes  aiter  the  injection 85 

Urea  nitrogen .  54 

Non-protein  nitrogen  in  muscle  before  the  injection . .  200 

Urea  nitrogen 27 

Non-protein  nitrogen  in  muscle  one  hundred  and 

ninety-three  minutes  after  the  iniection 248 

Urea  nitrogen 42 

The  results  obtained  with  such  complex  mixtures  as  Witte's 
peptone  are,  of  course,  less  clear  cut  and  much  more  difficult  to 
interpret  than  are  the  results  obtained  with  pure  amino-acids. 
Peptone  contains  not  only  more  or  less  ammonia  but  in  addition 
contains  amid  nitrogen,  so  that  we  do  not  know  how  far  our  urea 
figures  represent  real  deaminization.  It  is  interesting  to  note, 
however,  that  even  with  such  a  product  the  "urea"  nitrogen 
obtained  from  the  hepatic  blood  is  not  larger  than  the  urea  in  the 
blood  obtained  at  about  the  same  time  from  the  iliac  artery.  The 
liver  has  not  brought  about  any  demonstrable  specialized  deamini- 
zation. 

Our  experimental  data  prove  that  the  absorption  of  amino-acids 
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is,  after  a  while,  accompanied  by  the  formation  of  urea.  They 
do  not  furnish  any  definite  evidence  as  to  where  the  urea  is  formed. 
In  the  absence  of  satisfactory  proof  that  deaminization  and  urea 
formation  is  localized  we  are  not  justified  in  assuming  that  the 
process  is  a  specialized  process  in  the  sense  of  being  confined  to 
some  particular  organ.  In  other  words,  so  far  as  we  yet  know,  the 
urea  forming  process  is  one  characteristic  of  all  the  tissues  and  by 
far  the  greatest  amount  of  the  urea  is  therefore  probably  formed 
in  the  muscles.  The  negative  results,  so  far  as  any  localized  urea 
formation  is  concerned,  is  almost  satisfactory  proof  that  there  is 
none,  for  if  there  were  one  central  focus  from  which  all  or  nearly 
all  of  the  urea  originated  we  could  scarcely  have  failed  to  find  it. 

The  hypothesis  that  the  urea  forming  process  is  thus  probably 
largely  a  matter  of  muscle  metabolism  predicates  of  course  nothing 
as  to  the  nature  of  the  process.  In  no  way  does  it  invalidate  or 
weaken  the  prevailing  view  that  deaminization  rather  than  oxida- 
tion represents  the  first  step  in  the  formation  of  urea  from  amino- 
acid  nitrogen.  Ascribing  to  the  muscles  the  greatest  share  in  the 
urea  formation  represents,  therefore,  in  no  essential  point  a  return 
to  the  earlier  teachings  of  Pfltiger  or  of  Voit. 

The  important  issue  between  Pfltiger  and  Voit  was  the  highly 
speculative  one  as  to  whether  the  food  protein  after  absorption 
had  to  become  living  protoplasm  before  being  destroyed,  or  whether 
it  was  decomposed  as  circulating  protein.  That  problem  is,  how- 
ever, now  definitely  settled  by  our  results.  The  food  protein 
reaches  the  tissues  in  the  form  of  amino-acids  and  those  amino- 
acids  which  are  not  needed  for  the  rebuilding  of  broken  down 
body  material  are  not  rebuilt  either  into  protein  or  protoplasm, 
but  are  broken  down  and  their  nitrogen  converted  into  urea.  Thus 
there  is  virtually  nothing  left  of  the  older  teaching  of  Pfluger  and 
Voit  on  this  particular  subject. 

On  the  other  hand  new  problems  are  now  pressing  for  answer. 
What  is  the  starting  impulse  and  the  controlling  factor  in  the  urea 
formation?  Does  a  given  amount  of  absorbed  nitrogen  yield  the 
same  amount  of  urea  in  a  given  time  whether  it  is  represented  by 
many  or  by  only  one  kind  of  amino-acids?  In  other  words  does 
a  certain  total  concentration  of  amino-acid  nitrogen  result  in  urea 
formation  or  do  the  tissues  maintain  a  separate  nitrogen  equilib- 
rium on  the  basis  of  each  individual  amino-acid?    Frpm  a  teleo- 
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logical  standpoint  it  would  seem  almost  certain  that  each  tissue 
would  deal  individually  with  each  kind  of  available  amino-acids, 
and  would  tend  to  maintain  the  kind  of  mixture  most  suitable  to 
its  needs.  If  such  is  the  case,  each  tissue  maintains  a  certain  supply 
of  each  amino-acid  and  the  urea  formation  from  any  particular 
amino-acid  depends,  so  to  speak,  on  the  ''partial  pressure"  of  that 
particular  acid.  This  appears  to  us  the  simplest  tentative  hypoth- 
esis concerning  the  urea  formation  out  of  the  surplus  food  protein. 
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ON  THE  NON-ENZYMATIC  CHARACTER  OP 
OOCYTm  (OOCYTASE). 

By  T.  BRAILSPORD  ROBERTSON. 

(From  the  Rudolph  SpreckeU  Physiological  Laboratory  of  the  University  of 

California.) 

(Received  for  publication,  June  1,  1912.) 

1.   INTRODUCTION. 

In  a  previous  communication  I  have  shown^  that  the  active 
agent  in  ox-serum,  which  brings  about  the  formation  of  fertiliza- 
tion-membranes in  sea-urchin  eggs,  can  be  isolated  by  a  process 
consisting,  essentially,  in  precipitation  by  barium  chloride,  reso- 
lution of  this  precipitate  in  dilute  acid,  and  reprecipitation  by 
acetone. 

This  fertilizing  agent,  as  Loeb  has  shown*  and  as  I  have  also 
found,  is  thermostable,  resisting  an  exposure  of  nineteen  hours  to 
a  temperature  of  58°C.  It  is  possibly  derived  from  the  breaking 
down  of  leucocjrtes  in  shed  blood.  Consequently  it  appears  to 
present  some  analogies  to  the  cytaaes  or  cell-liquefying  substances 
shown  by  MetchnikofiP  to  be  derivable  from  white  corpuscles. 
In  the  communication  to  which  I  have  referred  I  therefore  sug- 
gested that  this  substance  be  termed  oocytdse. 

The  substances  (other  than  those  which  occur  in  sperm,  tissue- 
extracts,  etc.)  which  are  known  to  bring  about  membrane-forma- 
tion in  sea-urchin  eggs  are  not  enzymatic  in  character.  As  Loeb 
has  pointed  out,*  the  agencies  which  bring  about  membrane-form- 
ation are  haemolytic  agents,  to  wit,  besides  heat,  (1)  certain  si>ecific 
substances,  such  as  saponin  or  bile-salts;  (2)  a  series  of  fat  dis- 

»  T.  Brailsford  Robertson:  This  Journal,  xi,  p.  339,  1912. 
'  J.  Loeb:  Die  chemische  Eniwicklungserregung  des  tierischen  Eies,  Berlin, 
p.  187.  1909. 

*  £.  Metchnikoff :  U Immunity  dans  les  maladies  infectieuses,  Paris,  1902. 

*  J.  Loeb:  loc,  ciL,  p.  132. 
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solving  agents  such  as  benzene,  ether,  alcohol  and  fatty  acids;  (3) 
distilled  water;  (4)  hydrogen  ions  and  (5)  hydroxyl  ions.  So  far 
as  is  known  at  present  no  enzymes  are  capable  of  bringing  about 
membrane-formation.  It  therefore  appeared  of  importance  to 
ascertain  whether,  or  not,  the  fertilizing  agent  which  occurs  in 
Cissue-fiuids  such  as  bloodnserum  is  an  enz}rme.  Accordingly  the 
following  investigations  were  undertaken: 

2.   EXPEBIMBNTAL. 

PreparaHon  of  the  odcjfHn  (odq[t(ue). 

To  3800  oe.  of  defibrinated  and  centrifugaliied  blood  were  added  590  cc. 
of  ^f  NaCl,  making  the  total  volume  4390  ec.*  To  this  were  added  2190  cc. 
of  7  per  cent  BaCli  solution.  A  thick  cloud  appeared  in  the  mixture.  Por- 
tiona  of  the  mixture  were  heated  to  from  30*  to  40*  for  about  one  hour  and 
the  remainder  (over  4  liters)  was  kept  in  a  warm  room  for  some  hours.  The 
mixture  deposited  a  membranous  white  precipitate;  it  waa  allowed  to  stand 
on  ice  over  night.  The  following  day  the  mixture  was  centrif uged,  the  entire 
precipitate  being  collected  in  eight  50  cc.  centrifuge  tubes.  The  precipitate, 
after  having  been  thoroughly  drained,  was  stirred  up  in  500  cc.  of  2  per  cent 
BaCls  solution  and  again  centrifuged  and  thoroui^y  drained.  This  was 
repeated  three  times.  The  precipitate  was  then  stirred  up  in  200  cc.  of  -fv 
HCl  rapidly  and  continuously  for  one  hour;  most  of  the  precipitate  dis- 
solved, but  some  residue  remained.  To  this  mixture  were  added  20  cc.  of 
10  per  cent  NaiS04  solution,  while  stirring.  The  mixture  was  then  allowed 
to  stand  at  SS^'C.  over  night. 

The  following  morning  this  mixture  was  centrifuged  and  the  supernatant 
fluid  was  filtered.  To  the  clear,  white,  slightly  opalescent  filtrate,  which 
was  free  from  barium  (yielded  no  precipitate  or  doud  on  further  addition 
of  NatS04),  was  added  1  liter  of  acetone  (Merck's  H.  P.).  A  copious  floc- 
culent  precipitate  formed  and  settled  quickly.  This  was  collected  upon  a 
hardened  filter,  washed  twice  in  200  cc.  of  alcohol  and  once  with  200  cc.  of 
ether  and  dried  over  HsS04  at  38*  over  night.  The  following  day  it  was 
pulverised  and  sifted  and  obtained  in  the  form  of  a  perfectly  white  friable 
powder.  The  total  weight  of  the  product  obtained  was  1.06  grams.  About 
one-eighth  of  the  material  was  lost  through  the  breaking  of  a  centrifuge- 
tube,  so  that  the  total  amount  which  might  have  been  obtained  from  the 
volume  of  serum  employed  was  1.2  grams,  corresponding  to  a  concentration 
of  0.03  per  cent  in  the  serum. 

The  substance  was  spread  out  in  a  thin  layer  to  dry  over  H1SO4  at  38*  for 
some  days.  Careful  flame  tests,  both  before  and  after  moistening  the  pow- 
der with  nitric  acid,  failed  to  reveal  the  presence  of  any  trace  of  barium. 

*  I  have  observed  that  if  excess  of  NaCl  ia  added  at  this  point  precipi- 
tation by  barium  is  greatly  delayed. 
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The  substance  thus  obtained  was  an  exceedingly  potent  ferti- 
lising and  cytolyzing  agent.  At  a  dilution  of  one  to  half  a  million 
it  caused  membrane-formation  in  100  per  cent  of  sensitized*  eggs 
of  Strongylocentrotua  purpuratua  within  ninety  minutes.  At  a 
dilution  of  one  to  twenty-five  thousand  it  caused  marked  cytolysis 
in  a  like  period  of  time. 

Comparison  with  trypsin  (alkcdu-proteinaae) , 

I  prepared  a  2  per  cent  solution  of  ''basic"  potassium  caseinate/  neutral 
to  phenolphthalein,  by  dissolving  8  grams  of  casein  in  64  cc.  of  t7  KOH  which 
had  previously  been  diluted  to  400  cc.  The  solution  was  filtered  before 
using  in  order  to  remove  a  very  slight  trace  of  undissolved  residue. 

Three  100  cc.  samples  of  this  solution  were  then  taken  and  separately 
placed  in  tightly-stoppered  Erlenmeyer  flasks  of  200  cc.  capacity.  From 
two  to  three  drops  of  toluol  were  added  to  each  sample  and  they  were  then 
warmed  to  35''C. 

Three  cubic  centimeters  of  a  solution  containing  50  mg.  of  oocytin  were 
prepared  by  dissolving  50  mg  of  odc3rtin  in  1.5  cc.  of  tV  HCl  and  then  accu- 
rately neutralising  this  solution  by  the  addition  of  1.5  cc.  of  tV  KOH. 

A  0.4  per  cent  solution  of  trypsin  was  prepared  by  dissolving  Grflbler's 
trypsin  puriss.  sice,  in  distilled  water. 

The  100  cc.  samples  of  2  per  cent  potassium  caseinate  were  then  treated 
as  follows: 

To  number  1  added  3  cc.  of  distilled  water. 

To  number  2  added  3  cc.  of  0.4  per  cent  trypsin  solution  ( »  12  mg.  trypsin). 

To  number  3  added  3  cc.  of  solution  containing  50  mg.  odC3rtin. 

The  mixtures  thus  prepared  were  then  returned  to  the  incubator  at  35*C. 

From  time  to  time,  as  detailed  below,  10  cc.  samples  were  taken  from  each 
flask  and  the  quantity  of  casein  hydrolyzed  in  each  mixture  was  determined 
by  a  method  previously  described. *  The  following  were  the  results  obtained : 


GRAMH  CASaUf  PSB  100  OC.  HTDBOLTUD 

tmm  OF  DXOBsnoN 

Mixture  oontalnlDg  no 
trypcm  or  oteytln 

Bflxture  oontalnlns  12 
mf.  trypsin  p«r  100  oo. 

Mixture  oontalnlDf  50 
mf.o0oytlnp«r  100  oo. 

1  hour 

0.0 
0.0 
0.0 
0.0 

0.3 
0.9 
1.8 
2.1 

0.0 

3  hours 

0.0 

6  hours 

0.0 

23  hours 

0.0 

*  By  four  minutes'  immersion  in  ?j^  SrCU. 

^  For  the  methods  employed  in  purifying  the  casein,  preparing  solu- 
tions of  the  caseinates  of  known  reaction,  etc.,  cf. T.  Brailsford  Robertson: 
Die  pkysikaliache  Chemie  der  Proteine,  Dresden,  1912. 

•T.  Brailsford  Robertson:  thi8  Journal^  xii,  p.  23. 
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It  is  clear,  therefore,  that  in  faintly  alkaline  solutions  odcjrtin 
exerts  no  measurable  proteolytic  action,  even  when  present  in  a 
concentration  four  times  as  great  as  the  concentration  of  trypsin 
which  brings  about  complete  hydrolysis  of  the  casein  in  2  per  cent 
solution  after  twenty-three  hours.  We  may  conclude  that  odcytin 
possesses  no  detectible  tryptic  activity;  U  is  not  an  alkaluprO' 
teinaae. 

Comparison  with  pepsin  (acid-proteinase). 

If  pepsin  (acid-proteinase)  be  allowed  to  act  upon  casein  in  neu- 
tral or  faintly  acid  solution,  after  the  lapse  of  some  time  a  con- 
siderable quantity  of  a  phosphorus-rich  substance  (paranuclein), 
which  is  protein  in  nature  and  insoluble  in  such  solutions,  is  depos- 
ited.* This  phenomenon  may  be  utilised  as  an  indication  of  the 
presence  or  absence  of  acid-proteinase  in  a  neutral  or  faintly  acid 
mixture  containing  casein. 

A  4  per  cent  solution  of  "neutral"  potassium  caseinate,  neutral  to  litmus, 
was  prepared  by  dissolving  4  grams  of  casein  in  20  oo.  of  Sf  KOH  which  had 
been  previously  diluted  to  100  cc.  This  solution  was  filtered  and  obtained 
perfectly  clear  and  free  from  any  cloudiness  or  other  indication  of  suspended 
matter.  Ten  cubic  centimeter  samples  of  this  solution  were  placed  in 
tightlynstoppered  test-tubes  and  warmed  to  35^.  after  the  addition  of  two 
drops  of  toluol  to  each  of  them. 

Fifty  milligrams  of  o6cytin  were  dissolved  in  5  cc.  of  tV  HCl  and  this 
solution  was  accurately  neutralised  by  the  addition  of  5  cc.  of  ^  KOH. 
After  warming  this  solution  to  35^.  it  was  added  to  one  of  the  10  cc.  samples 
of  casein  solution  and  the  mixture  was  set  aside  at  35^C. 

Fifty  milligrams  of  Grtlbler's  pepsin  puriss.  sice,  were  dissolved  in  10 
cc.  of  distilled  water  and,  after  warming  to  d5''C.,  this  solution  was  added 
to  another  of  the  10  cc.  samples  of  casein  solution,  and  this  mixture  was  also 
set  aside  at  35''C. 

After  the  lapse  of  a  week  the  two  mixtures  presented  a  marked  contrast. 
The  mixture  containing  pepsin  was  milky  and  turbid  and  had  deposited  a 
bulky  precipitate  of  paranudein.  The  mixture  containing  o6cytin  was  per- 
fectly clear  and  had  deposited  no  precipitate. 

We  may  conclude,  therefore,  that  in  comparison  with  Griibler's 
pepsin,  odcytin  exerts  no  demonstrable  proteolytic  action  in  neutral 
or  faintly  acid  solutions;  it  is  not  an  acid-proteinase. 

'Cf.  Lubavin:  Hoppe-SeyUr's  Med,  Chem.  UrUersuch,,  Berlin,  1866,  p. 
463;  A.  Kossel:  Verhandl.  d.  herl  physiol.  GeseUsck.,  Arch,  /.  (Anat,  u.) 
Physiol,,  1891,  p.  181;  T.  Brails! ord  Robertson:  this  Journal,  iii.  p.  95, 
1907;  V,  p.  493,  1909. 
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Comparison  with  lipase. 

A  1  per  cent  solution  of  Kahlbaum's  triacetin  was  prepared  and  divided 
into  two  portions  of  100  cc.  each  which  were  warmed  to  32®C.  To  the  one 
portion  was  then  added  a  mixture  of  5  cc.  of  tV  HCl  plus  5  cc.  of  tV  KOH  and 
to  the  other  a  solution  of  odcytin  prepared  by  dissolving  50  mg.  of  odc3rtin 
in  5  cc.  of  TV  HCl  and  neutralising  with  5  cc.  of  tt  KOH.  The  mixtures  thus 
prepared  were  returned  to  the  incubator  at  32^C. 

After  four  hours  one  drop  of  2  per  cent  alcoholic  phenolphthalein  was 
added  to  a  10  cc.  sample  of  each  mixture,  and  these  samples,  after  dilution 
with  water,  were  titrated  against  -^  KOH.  One  drop  of  the  Sf  KOH  turned 
each  sample  red,  consequently  no  appreciable  splitting  of  the  triacetin  had 
occurred  in  four  hours. 

To  each  of  the  mixtures  were  now  added  three  drops  of  toluol  and  they 
were  returned  to  the  incubator.  After  twenty-four  hours  10  cc.  samples 
were  again  tested  in  the  manner  described  above  and  with  a  like  result. 

A 10  cc.  sample  of  either  mixture,  after  the  triacetin  had  been  completely 
Bi^ponified  by  successive  additions  of  tV  KOH  and  boiling,  neutralized  12.5 
cc.  of^KOH. 

We  may  therefore  conclude  that  odcytin  does  not  hydrolyze 
triacetin  in  neutral  solutions. 

An  impure  lipase-powder  was  prepared  from  ripe  castor  [Ricinus)  beans 
in  the  following  manner:  The  shells  were  removed  by  hand  without  the  use 
of  water.  The  seeds  were  than  macerated  and  extracted  with  alcohol  for 
a  day,  drained  and  then  washed  with  ether  and  dried  by  spreading  out  the 
powder  in  a  thin  layer  in  a  warm  room.'^ 

Two  cubic  centimeters  of  Kahlbaum's  triolein  were  delivered  into  each 
of  four  200  cc.  Erlenmeyer  flasks  labelled,  respectively.  A,  B,  C  and  D. 

To  A  were  added  100  cc.  of  distilled  water. 

To  B  were  added  100  cc.  of  water  containing  50  mg.  of  odcytin  dissolved 
in  1  cc.  of  tV  HCl,  this  solution  having  been  neutralised  by  the  addition  of 
Ice.  of  iV  KOH. 

To  C  were  added  200  mg.  of  lipase-powder  rubbed  up  in  100  cc.  of  water 
containing  1  cc.  of  w  HCl  +  1  cc.  t^  KOH. 

To  D  were  added  200  mg.  of  lipase-powder  rubbed  up  in  100  cc.  of  water 
containing  50  mg.  of  odcytin  dissolved  in  1  cc.  of  jV  HCl  and  neutralized 
by  the  addition  of  1  cc.  of  -^  KOH. 

The  flasks  were  then  tightly  stoppered  and  shaken  rapidly  in  a  shaking 
machine  which  was  placed  in  a  room  heated  to  32^C.  and  maintained  at  a 
constant  temperature.  After  ten  minutes'  shaking  10  cc.  samples  of  each 
mixture  were  taken,  50  cc.  of  absolute  alcohol  were  added  to  each  sample, 
and  they  were  titrated  against  phenolphthalein  with  Sf  NaOH  in  alcoholic 

"  Cf.  A.  E.  Taylor:  On  Fermentation,  Univ.  Calif.  Publ.  Pathol,  i,  p.  258, 
1907. 
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solution."    This  procedure  was  repeated  from  time  to  time  with  the  results 
shown  in  the  following  table: 

Cubic  cerUimeiera  of  JV  NaOH  required  to  neutraliu  10  ec.  of  the  digestion 

mixture. 


A 

B 

c 

1           » 

After  10  minutes 

After  24  hours 

0.3 

0.35 

0.5 

0.3 

0.35 

0.4 

0.4 

o.e5 

2.0 

1 

0.4 

0.6 

After  48  hours 

1.9 

1 

It  is  evident  that  the  hydrolysis  due  to  the  Ricinus  lipase  took 
place  more  rapidly  in  the  second  twenty-four  hours  than  in  the 
first,  a  phenomenon  which  has  been  observed  by  Hoyer^  and 
attributed  by  him  to  the  setting  free  of  auto-catalysors  during  the 
progress  of  the  hydrolysis. 

It  is  further  evident,  firMy  that  oocytin  does  not  accelerate  the 
hydrolysis  of  triolein  in  neutral  solution,  and  secondly  that  it  does 
not  aid  the  hydrolysis  of  triolein  by  Ricinus  lipase.  From  these 
experiments  and  from  the  experiments  detailed  above,  in  which 
triacetin  was  employed  as  substrate,  we  may  conclude  that  in  all 
probability  odqfiin  is  not  a  lipase^  nor  does  it  act  as  a  conferment  for 
RiciniM  lipase. 

Comparison  with  emvlsin, 

A  1  per  cent  solution  of  amygdalin  (Merck,  H.  P.),  was  divided  into  two 
portions  of  100  cc.  each.  To  the  one  portion  I  added  5  cc.  of  Sf  HCl  and  5 
cc.  of  T7  KOH  which  had  been  previously  mixed;  to  the  other  50  mg.  of 
o6c3rtin  dissolved  in  5  cc.  of  tV  HCl  and  neutralized  by  the  addition  of  5  cc. 
of  TV  KOH.  To  10  cc.  samples  of  each  of  these  mixtures  were  then  added 
10  cc.  each  of  Fehling's  solution  1  and  2  prepared  according  to  the  formula 
of  Bertrand;^*  they  were  then  boiled  for  three  minutes.  No  precipitate  or 
cloud  was  produced;  consequently  the  mixtures  were  free  from  glucose. 

The  mixtures  were  then  placed  in  an  incubator  at  32*0.  and  tested  from 
time  to  time  with  Fehling's  solution.  After  twenty-four  hours  these  tests 
failed  to  indicate  the  presence  within  the  mixtures  of  even  a  trace  of  glucose! 
In  a  like  period  at  32*  I  have  found  that  50  mg.  of  Merck's  emulsin  will  bring 
complete  hydrolysis  of  the  amygdalin  in  100  cc.  of  a  1  per  cent  solution  with 
the  liberation  of  nearly  60  mg.  of  glucose  per  10  cc. 


"  Of.  H.  C.  Bradley:  this  Journal,  viii,  p.  251,  1910. 
"  E.  Hoyer:  Zeitechr.  /.  physiol.  Chem.,  1,  p.  414,  1907. 
1*  Betrand:  Bull,  soc,  chim.,  xxxv,  p.  1285,  1906. 
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We  may  therefore  conclude  that  o6cytin  does  not  accelerate  the 
hydrolysis  of  fi-glucosides^* 

Comparison  with  peroxidase. 

To  a  few  cubic  centimeters  of  a  0.06  per  cent  solution  of  o5c3rtin  (in  -jr 
KCl,  prepared  by  dissolving  the  odcytin  in  t^  HCl  and  neutralising 
with  XT  KOH)  I  added  a  drop  of  tincture  of  guaiacum.  No  coloration  was 
observed.  I  then  added  several  drops  of  hydrogen  peroxide  solution  (3 
per  cent) ;  still  no  coloration  was  observed.  One  drop  of  defibrinated 
ox-blood  diluted  to  several  cubic  centimeters  and  treated  with  hydrogen 
peroxide  and  guaiacum  in  the  proportions  indicated  yielded  a  deep  blue  col- 
oration at  once. 

We  may  conclude,  therefore,  that  odcytin  is  not  a  peroxidase. 

So  far  as  the  above  observations  go,  therefore,  although  far  from 
complete,  it  will  be  seen  that  they  afford  no  support  for  the  view 
that  the  membrane-forming  and  cytolyzing  action  of  oocytin  is 
attributable  to  enzymatic  activity.  Having  regard  to  the  fact 
that  the  chemical  agents  (haemolytic  agents)  which  are  known  to 
cause  membrane-formation  are  in  no  case  enz3rmes,  we  may,  I 
think,  conclude  that  the  membrane-forming  agent  which  may  be 
isolated  from  mammalian  blood-senmi  by  the  method  outlined 
above  is  not  an  enz3rme.  This  being  the  case,  the  name  odcytase, 
which  I  originally  suggested  should  be  applied  to  this  substance, 
becomes  inappropriate,  since  the  terminati(xi  ase  connotes  an 
enzyme.  I  now  propose  that  the  membrane-forming  agent  in 
blood-sera  be  termed  odcytin. 

3.    THE   NON-ENZYMATIC   CHARACTER   OP  THE   FERTILIZING    AGENT 

IN  SPERBiATOZOA. 

In  a  previous  communication^^  I  have  shown  that  a  membrane- 
forming  agent  can  be  extracted  from  spermatozoa  which  resembles 
oocytin  in  being  thermostable,  precipitable  by  salts  of  the  alkaline 
earths  and  by  acetone,  and  soluble  in  dilute  acids.  So  far  as  our 
knowledge  extends  at  present  the  membrane-forming  agent  in 
echinoderm  spermatozoa  is  indistinguishable  from  the  membrane- 
forming  agent  in  mammalian  blood-sera,  and  I  have  therefore 

"  Cf.  E.  Frankland  Armstrong:  The  Simple  Carbohydrates  and  the  Oluco- 
sides,  London,  1910.,  p.  55. 
>*  T.  Brailsford  Robertson:  this  Journal^  xii,  p.  1,  1912. 
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advanced  the  h3rpothe8is  that  they  are  identical.  If  this  be  so 
then  it  would  appear  probable  that  the  membrane-forming  agent 
in  spermatozoa  is  not  an  enzmye. 

I  have  been  able  to  confirm  this  deduction  experimentally  in  the 
following  manner:  It  has  been  shown  by  Loeb^*  that  the  fertiliza- 
tion-membrane is  formed  by  the  dissolution  of  a  lipoid  emulsion 
at  the  surface  of  the  egg,  followed  by  the  osmotic  imbibition  of 
water.  It  has  further  been  observed  by  v.  Knaffl-Lenz  and  by 
Loeb  that  if  sea-urchin  eggs  in  which  membrane-formation  has 
occurred  be  placed  in  sea-water  to  which  blood-senmi,  white  of 
egg  or  tannic  acid  has  been  added,  the  membrane  collapses.  Loeb 
interprets  this  to  mean  that  the  membrane  is  impermeable  to  col- 
loids. The  membrane  can  be  shown  to  be  permeable  for  salts  ;^^ 
accordingly  the  presence  of  the  colloid  in  the  outer  sea-water 
creates  an  osmotic  tension  which  results  in  the  withdrawal  of  fluids 
from  the  membrane  and  its  subsequent  collapse. 

I  have  amplified  these  experiments^^  and  have  shown  that  it  is 
possible  to  delay  or  even  altogether  inhibit  the  membrane-forming 
action  of  a  variety  of  agents  (butyric  acid,  blood-serum,  sperm, 
saponin)  by  the  addition  of  proteins  (such  as  ovomucoid,  casein, 
senmi  proteins  or  gelatin)  to  the  outer  medium  bathing  the  eggs. 
I  have  furthermore  shown  that  the  order  of  efifectiveness  of  various 
proteins  in  inhibiting  membrane-formation  is  the  reverse  order  of 
their  ability  to  pass  through  a  porcelain  filter,  thus  confirming  the 
views  of  Loeb,  cited  above,  regarding  the  mode  of  formation  of  the 
fertilization-membrane. 

I  have  found  that  the  concentration  of  a  given  protein  which  is 
required  to  inhibit  membrane-formation  in  sea-urchin  eggs  varies 
in  a  very  definite  manner  with  the  potency  or  concentration  of  the 
membrane-forming  agent.  This  fact  is  very  strikingly  illustrated 
by  the  influence  of  proteins  upon  membrane-formation  by  saponin. 
Thus  one  part  of  saponin  in  1333  of  sea-water  causes  the  formation 
of  perfect  spherical  membranes  in  100  per  cent  of  purpuratus  eggs 
within  six  minutes.  The  addition  of  2  per  cent  of  ovomucoid  to 
the  sea-water  markedly  delays  membrane-formation,  nevertheless 
within  fourteen  minutes  100  per  cent  of  perfect  spherical  membranes 

>•  J.  Loeb:  loc,  ciU,  p.  126. 
"  J.  Loeb:  loc,  ciL,  p.  127. 
"  T.  Brailsford  Robertson:  Univ.  Calif.  Pvb.  Physiol.,  iv,  p.  79,  1912. 
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are  formed.  One  part  of  saponin  in  64,000  of  sea-water  causes 
the  formation  of  perfect  spherical  membranes  in  100  per  cent  of 
eggs  within  thirty-five  minutes,  but  in  the  presence  of  2  per  cent 
ovomucoid  only  10  per  cent  are  produced  in  an  hour. 

The  power  of  a  given  concentration  of  protein  in  the  external 
medium  to  inhibit  membrane-formation  is  thus  seen  to  depend 
upon  the  quantity  of  the  membrane-forming  agent  which  has  pene- 
trated the  cell.  If  a  sufficient  quantity  of  the  membrane-forming 
agent  enters  the  cell,  then  the  processes  underlying  membrane- 
formation  will  proceed  until  a  sufficient  quantity  of  water-attract- 
ing substance  has  been  set  free  within  the  cell  to  overcome  the 
osmotic  tension  of  a  given  quantity  of  protein  in  the  external 
medium;  but  if  an  insufficient  quantity  of  the  membrane-forming 
agent  has  entered  the  cell,  the  processes  underlying  membrane-for- 
mation may  cease  before  this  point  is  reached. 

Now  purpuratiLs  eggs  which  have  been  "sensitized"  by  four 
minutes'  immersion  in  ^  SrCli  will  usually  form  perfect  spherical 
fertilization-membranes  when  immersed  in  undiluted  isotonic  ox- 
serum.^*  But  purpuratiis  spermatozoa  are  unable  to  cause  mem- 
brane-formation in  eggs  immersed  in  such  senmi.  Moreover  if 
eggs  are  previously  fertilized  by  sperm  and  then  immersed  in  such 
serum,  their  membranes  collapse,  as  already  stated,  and  this  col- 
lapse of  the  membranes  occurs  even  if  the  eggs  are  transferred 
to  the  senmi  over  half  an  hour  after  fertilization. 

From  these  facts  it  would  appear,  first,  that  the  "charge"  of 
membrane-forming  material  which  a  purpuratiis  egg  gains  from  the 
entry  of  a  single  sperm  is  not  so  great  as  that  which  it  can  accumu- 
late, after  sensitization,  when  immersed  in  a  potent  undiluted 
^erum,  and  secondly  that  the  membrane-forming  agent  in  sperma- 
tozoa is  not  an  enzyme,  for  if  it  were  and  its  membrane-forming 
action  were  due  to  its  enz3rmatic  activity,  then  in  the  course  of 
time  the  amount  of  change  (or  of  water-attracting  material)  pro- 
duced by  a  small  "charge"  of  the  membrane-forming  agent  should 
be  the  same  as  that  produced  by  a  larger  "charge,"  just  as  the 
amount  of  digestion  brought  about  by  1  mg.  of  trypsin  is  ultimately 
the  same,  or  nearly  the  same,  as  that  which  is  brought  about  by  2 
mg.  of  trypsin,  although  it  takes  place  at  one-half  the  velocity. 

^*  Prepared  by  adding  10  cc.  of  ^^  NaCl  to  65  co.  of  oxHserum. 
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In  other  words,  were  the  membrane-fonning  action  of  spermatocoa 
due  to  the  action  of  an  enzyme,  then  in  the  course  of  time,  if  not 
immediately  the  membrane  appears,  the  amount  of  water-attract- 
ing material  set  free  in  the  egg  should  be  sufficient  to  overcome  the 
osmotic  resistance  offered  by  any  concentration  of  protein  which 
will  permit  membrane-formation  at  all. 

It  appears  rather  probable,  therefore,  that  the  membrane-form- 
ing agent  in  echinoderm  spermatozoa,  like  that  in  mammalian 
blood-sera,  is  not  an  enzyme. 

4.   PROPERTIES  OF  05CTTIN. 

The  following  properties  of  oocytin  have  been  determined  or 
confirmed  since  the  appearance  of  my  original  communication  and 
may  be  briefly  referred  to  here  pending  more  extended  and  de- 
tailed investigation. 

The  substance,  when  pure,  is  perfectly  white  and  yields,  when 
dissolved  in  dilute  acids,  colorless,  markedly  opalescent  solutions 
which,  upon  neutralization,  become  even  more  opalescent.  From 
its  general  behavior  the  substance  would  appear  to  be  a  colloid. 
I  have  been  unable  to  coagulate  it  by  heating. 

In  response  to  various  color-tests  it  yields  the  following  results: 

Millon's  test:  an  atypical  very  faint  reddish  color  which  disap- 
pears with  prolonged  boiling. 

Xanthoproteic  test:  negative. 

Biuret  test:  negative. 

Acree's  formaldehyde  test:  very  faintly  but  unmistakably  positive. 

From  these  results  it  would  appear  that  oocytin  is  not  a  protein, 
the  faint  positive  reaction  obtained  with  Acree's  test  being  probr 
ably  due  to  slight  contamination  with  adherent  protein. 

Molisch's  test  is  also  negative. 

Pettenkofer's  test  is  negative. 

No  precipitate  or  increase  in  opalescence  is  produc  \  in  a  0.2 
per  cent  solution  of  oocytin  by  two-thirds  saturation  \r"\  ammo- 
nium sulphate. 

On  mudng  3  cc.  of  a  solution  of  oocytin  containing  50  mg.  with 
100  cc.  of  a  1  per  cent  solution  of  amygdalin  a  very  pronounced 
cloud  is  produced  in  the  solution,  which,  however,  does  not  settle 
out. 
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Odcytin,  even  in  minute  concentrations  (1  part  in  2000),  exerts 
a  very  interesting  action  upon  mixtures  of  triolein  and  water.  If 
2  cc.  of  triolein'®  be  shaken  violently  with  100  cc.  of  distilled  water 
for  from  twenty-four  to  forty-eight  hours  a  milky  emulsion  is 
formed,  having  a  very  thin  layer  of  oil  floating  upon  the  top.  If 
the  distilled  water  contains  1  part  in  2000  of  oocytin,  however, 
no  such  emulsion  is  formed,  and  discrete  drops  of  oil  float  to  the 
tpp  inmiediately  the  shaking  is  discontinued,  leaving  the  sub- 
natant  fluid  clear  and  transparent.  It  is  perhaps  not  without  sig- 
nificance, in  view  of  the  membrane-forming  potency  of  the  fatty 
acids,  that  t?v  acetic  acid  has  a  similar  action.  Our  knowl- 
edge of  the  mechanics  of  emulsion-formation  is,  at  present,  how- 
ever, too  incomplete  to  permit  a  safe  interpretation  of  these  facts. 

5.   CONCLUSIONS. 

1.  Oocjrtin,  the  membrane-forming  agent  in  mammalian  blood- 
sera  (formerly  termed  odcytase),  is  neither  an  alkali-proteinase, 
an  acid-proteinase,  a  lipase  nor  a  peroxidase.  It  does  not  accelerate 
the  hydrolysis  of  /9-glucosides.  It  does  not  act  as  a  co-ferment 
for  Ricinus  lipase. 

2.  It  is  inferred  that  odcytin  is  probably  not  an  enzyme. 

3.  The  membrane-forming  agent  in  StrongylocerUrotus  purpurea- 
iuB  spermatozoa  is  also  probably  not  an  enz3rme. 

4.  Odcytin  is  notr  a  protein. 


**  Vide  the  experiments  enumerated  under  Comparison  uHth  Lipaae,  part 
2  of  this  article. 
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HTDANTOINS:    THE  STNTHBSIS  OF   THIOTTROSINB.^ 


Bt  treat  B.  JOHNSON  and  CHABLES  A.  BRAUTLECHT. 
(From  the  SfuffiM  Laboratory  of  Yaie  University.) 

(Received  for  publication  June  4, 1912.) 

In  a  preliminary  paper*  from  this  laboratory,  entitled  "Sulphur 
in  Proteins,"  the  writer  wrote  as  follows :  "  If  now  sulphur  proteins 
be  viewed  as  oxygen  proteins  in  which  bivalent  sulphur  has  par- 
tially displaced  oxygen,  one  therefore  might  expect  to  find  two 
types  of  sulphur  Unkings  in  sulphur  proteins  corresponding  to  the 
two  important  primary  oxygen  groupings,  viz:  mercapto,  —  SH, 
and  thioamide,  — CSNH — .  In  fact,  cysteine  represents  a  sulphur 
compound  of  the  first  type,  in  which  such  a  displacement  has 
taken  plaoe  in  the  case  of  hydroxyl  oxygen  in  serine.  Thiot3rrosine 
HS .  CVH4CE^CH(NIli)C00H  has  not  yet  been  synthesized."  It  is 
now  gratifying  to  write  that  our  expectation  has  been  realized  by 
other  workers,'  since  the  publication  of  our  paper,  and  that  it  has 
been  shown  that  the  thioamide  group,  —CSNH—,  actually  func- 
tionates in  the  synthesis  of  proteins. 

No  evidence  has  yet  been  produced,  so  far  as  the  writer  is  aware, 
which  indicates  that  an  aromatic  mercapto  grouping,  —  CeHiSH,  is 
present  in  sulphur  proteins.  If,  however,  such  a  linking  is  to  be 
considered  the  most  probable  cleavage  product  to  look  for  would  be 
the  sulphur  analogue  of  tyrosine,  viz:  thiotyrosine.  Whether  this 
amino-acid  will  ever  be  discovered  among  the  products  of  hydroly- 
sis or  not,  nevertheless  it  cannot  be  excluded  from  consideration 
until  all  of  the  stilphur  in  proteins  can  be  accounted  for.    Our 

^  The  work  described  in  this  paper  formed  part  of  a  thesis  presented  by 
Mr.  Charles  Andrew  Brautlecht  to  the  Graduate  School  of  Yale  University 
for  the  degree  of  Doctor  of  Philosophy.     (T.  B.  J.) 

*  Johnson  and  Burnham:  this  Jourfud,  ix,  p.  331,  1911. 

'  Barger  and  Ewin:  Journ.  of  Chem.  8oc.  (London),  1911,  p.  2336. 
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Synthesis  of  Thiotyrosine 


knowledge  of  sulphur  protems  is  not  complete  until  we  are  familiar 
with  every  possible  sulphur  combination,  which  may  theoretically 
occur  in  these  substances.  We  shall  give,  in  this  paper,  therefore, 
a  description  of  the  synthesis  and  properties  of  thiotyrosine. 

Before  proceeding  with  the  description  of  our  83mthesis  of  this 
amino-acid  it  is  first  desirable  to  note  the  interesting  structural 
relationship,  which  exists  between  thiotyrosine  and  the  mercap- 
turic  acids.  These  compounds,  of  which  the  first  representative 
was  discovered  by  Baumann,*  have  played  indirectly  an  important 
r61e  in  the  study  of  the  nature  of  sulphur  combinations  in  pro- 
teins. They  are  derivatives  of  the  amino-acid,  cysteine,  and  are 
formed  and  eliminated,  after  conjugation  with  glucuronic  acid, 
in  the  urine  of  dogs  after  the  feeding  of  certain  aromatic  substances. 
For  example,  brombenzene,  chlorbenzene  and  iodbenzene  are 
transformed  in  the  organism  of  this  animal  into  the  corresponding 
mercapturic  acids  (II,  III  and  IV,  respectively) .  Phenylmercaptu- 
ric  acid  (I)  is  formed  by  reduction  of  these  halogenated  acids  with 
sodium  amalgam.'     The  constitution  and  chemical  connection  of 


CH, 

I 
CHNHCOCH, 

I 
COOH 

I 


CHNHCOCH, 

I 


COOH 
II 


CH, 

I 
CHNHCOCH, 

I 
COOH 

III 


CH, 

I 
CHNHCOCH, 

I 
COOH 

IV 


these  acids  with  cysteine  was  established  by  the  important  investi- 
gations of  Friedmann.*  It  is  an  interesting  fact,  from  a  chemical 
standpoint,  that  halogen  derivatives  of  toluene  are  not  eliminated 
as  mercapturic  acids.  According  to  the  experiments  of  Preusse^ 
the  methyl  group  of  parabromtoluene  undergoes  oxidation  in  the 

•  Baumann  and  Preusse :  Ber,  d,  detUsch.  chem,  GeaeUsch,,  xii,  p.  806, 1879. 

•  Baumann  and  Preusse:  Zeiischr,  /.  physioL  Chem.,  v,  p.  335. 

•  Hofmet8ter*8  BeitrOgt,  iv,  p.  486,  1904. 
^  Zeitachr.f,  physiol.  Chem.,  v,  p.  57. 
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organism  of  the  dog  and  this  substance  is  eliminated  as  the  corre- 
sponding hippuric  acid,  BrCACONHCHiCOOH. 

Thiotyrosine  (X)  is  isomeric  with  the  foundation  of  this  interest- 
ing series  of  acids,  viz:  phenylcysteine  (IX),  which  Baimiann  and 
Preusse*  obtained  by  hydrolysis  of  phenylmercapturic  acid  with 
hydrochloric  acid.  In  fact,  the  amino-acid  has  the  same  relation 
to  this  phenylcysteine  that  tyrosine  (VII)  has  to  phenylserine  (VI). 
The  latter  compound  has  apparently  not  been  S3mthesized.* 
The  structural  relationships  between  these  aromatic  substances 
and  the  two  cleavage  products  of  protein,  serine  (V)  and  cysteine 
(VIII),  are  apparent  by  inspection  of  the  following  formulas: 


CHsOH 

I 
CHNH, 

I 
COOH 

V 

GHsSH 

I 
CHNH, 

I 
COOH 

VIII 


CHsOCfHc 

I 
CHNH, 

I 
COOH 

VI 


CHjSCiHi 


CHNH, 

I 
COOH 

DC 


CH, 


o 


OH 


CHNH. 


COOH 


CHi 


VII 


o 


SH 


CHNH, 

I 
COOH 


It  is  well  known  that  cyclic  ureides  and  guaneides  of  hydroxy- 
acids  are  hydrolyzed,  by  digestion  with  alkali,  with  formation  of 
the  corre8ix>nding  o-amino-acids.  Hydantoin,  for  example,  when 
wanned  with  barium  hydroxide,  is  first  transformed  into  hydan- 
toic  acid  (XII),  which  then  undergoes  a  further  hydrolysis  giving 
carbon  dioxide,  ammonia  and  glycocoll  (XIII).  The  guaneide 
creatinine  (XIV)  is  decomposed  in  an  analogous  manner  with 
formation  of  creatine,  which  is  finally  transformed,  by  prolonged 
digestion,  into  carbon  dioxide,  ammonia  and  sarcosine  (XVI). 


•  Zeitsehr.  /.  physiol.  Ch»m,,  v,  p.  334. 

*  Riehler'8  Lexicon  der  KohUnstojf'Verbtndungen, 
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NH— CO  NH»    CX)OH 

I     I  I 

CO       I     ►         CO 


NH,CH,COOH  +  NH,  +  CO^ 


NH— CH,  NH— CH, 

XI  XII  XIII 


NH— CO  NH,    COOH 


HN:C 


♦HN:C 


CHiNH  CHtCOOH  +  2NH,  +  CO, 


Cn,N CH,        CH,N CH, 

XIV  XV  XVI 

It  has  also  been  known  for  many  years  that  certain  organic 
compounds  containing  the  peptide  grouping,  —  NHCHiCO— ,  are 
capable  of  condensing  with  aldehydes,^^  but  it  was  not  until 
recently,  however,  that  it  was  shown  that  the  methylene  group  in 
hydantoin  is  likewise  reactive  towards  aldehydes  and  that  this 
cycle  condenses  smoothly  with  these  reagents  forming  stable  con- 
densation products.  This  observation  wasmadein thislaboratory." 
These  condensation  products  have  proved  valuable  for  synthetical 
purposes  because  it  is  possible  to  reduce  them  to  substituted  hydan- 
toins,  which  can  then  be  hydrplyzed  to  amino-acids.  In  order  to 
obtain  thiot3rros]ne,  we  employed  this  new  method  and  synthe- 
sized first  the  hydantoin  and  phenylhydantoin  of  this  amino- 
acid. 

In  order  to  obtain  the  hydantoin  of  thiotyrosine  we  prepared 
first  the  hitherto  unknown  hydantoin  of  para-aminophenyl- 
alanine.  This  was  accomplished  as  follows:  Benzalhydantoin 
(XVII)  was  prepared  by  condensation  of  hydantoin  (XI)  with 
benzaldehyde"  and  converted  into  benzylhydantoin  (XVIII)  by 
reduction  with  sodium  amalgam  or  hydriodic  acid.  This  hydan- 
toin was  then  subjected  to  nitration  with  cold  fuming  nitric  acid 

»•  Pl6chl :  Ber.  d.  deutsch.  chem,  Oeaellach. ,  xvi,  p.  2815 ;  Pldchl  and  Wolf  rum : 
ibid,,  xviii,  p.  1183;  Hoffman:  ibid,,  xix,  p.  2654;  Erlenmeyer:  Ann, d.C hem, 
(Liebig),  cclxxi,  p.  137;  cclxxv,  p.  1;  Erlenmeyer  and  (Bade,  Mattes,  Stadlin 
and  Wittenberg) :  t6td.,  cccxxxvii,  pp.  205,  222,  265,  271,  283  and  294;  Ber,  d. 
deuisch,  chem,  OeselUch,,  xxv,  p.  3445;  Erlenmeyer  and  FrOstuck:  Ann,  d, 
Chem,  (Liebig),  cclxxxiv,  p.  36;  cccvii,  p.  73. 

"  Amer,  Chem,  Journ.,  xlv,  p.  368,  1911. 

"  Wheeler  and  Hoffman:  Amer,  Chem.  Journ.,  xlv,  p.  368. 
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when  the  correspondmg  paranitrobenzylhydantoin  (XXI)  was 
formed  smoothly.  The  nitrohydantoin  was  then  converted  mto 
the  correspondmg  para-ammobenzylhydantoin  (XX)  by  reduc- 
tion with  hydriodic  acid.  The  constitution  of  this  aminobenzyl- 
hydantoin  and  also  that  of  the  corresponding  nitro  compound 
(XXI)  was  established  by  the  fact  that  the  same  para-amino- 
benzylhydantoin  (XX)  was  formed  by  reduction  of  para-nitro- 
benzalhydantoin"  (XIX)  with  hydriodic  acid.  These  various 
transformations  are  represented  by  the  following  structural  for- 
mulas: 


NH— CO 


CO 


NH— CH, 
XI 


NH— CO 


CO 


NH— CO 


CO 


NH— C'CHCA 
XVII 


NH— CHCHiCa 
XVIIl 


NH— CO 

I 
CO 

I 

NH— C:CHC,H4NQ, 
XIX 


NH— CO 


CO 


NH— CHCH,C,H4NHi 
XX 


NH— CO 

I 
CO 

I 

NH— CHCHiC,H4N0, 
XXI 


Thiotyrosine  hydantoin  (XXV)  was  prepared  from  para-amino- 
benzylhydantoin  (XX)  in  the  following  manner:  This  hydantoin 
was  first  diazotized  in  the  customary  manner  and  the  resulting 
diazonium  salt  (XXII)  then  combined  with  potassium  xantho- 
genate,  in  aqueous  solution,  when  the  corresponding  diazonium- 
xanthogenate  (XXIII)  was  formed.  The  yield  was  nearly  quanti- 
tative. This  salt,  however,  is  unstable  and  when  allowed  to  stand 
at  ordinary  temperature  or  when  wanned  in  water  it  undergoes 
decomposition  with  evolution  of  the  diazo  nitrogen  and  the  xan- 
thogenic  ester  (XXIV)  is  formed.  This  ester  was  obtained  in 
a  crystalline  condition  and  could  be  purified  by  crystallization 
from  alcohol.  In  order  to  obtain  the  hydantoin  of  thiotyrosine 
this  xanthogenate  was  digested  with  water  when  it  underwent 

"  Wheeler  and  Hoffman:  loe.  cii. 
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hydrolysis  and  a  quantitative  yield  of  the  hydantoin  (XXV)  was 
obtained.  These  changes  are  represented  by  the  following  for- 
mulas: 


NH— CO 


CO 


NH— CHCHiCsHiNHi 
XX 

NH— CO 

I 
CO 


NH— CO 


CO 


NH— CHCH2C6H4N :  NCI 
XXII 

NH— CO 


CO 


I 

NH— CHCH2C6H4N2SCSOC2HB 

XXIII 

NH— CO 


NH— CHCHiCeHiS  CSOCtHs 
XXIV 


I 
CO 

I 

NH— CHCHjCeHiSH 
XXV 

The  corresponding  1-phenyl  derivative  of  thiotyrosinehydantoin 
(XXXII)  was  synthesized  as  follows :  l-Phenyl-2-thio-4-paranitro- 
benzalhydantoin^^  (XXVII)  was  first  converted  into  its  ethylmer- 
capto  derivative  (XXVIII)  by  alkylation  with  ethyl  bromide  and 
this  compound  then  digested  with  hydrochloric  acid  when  the 
hydantoin  (XXIX)  was  formed  with  evolution  of  ethylmercaptan. 
This  compound  was  then  reduced  with  hydriodic  acid  and  red  phos- 
phorus when  a  quantitative  yield  of  l-phenyl-4-para-aminobenzyl- 
hydantoin  (XXX)  was  obtained.  This  aminohydantoin  was  then 
converted  into  the  diazoniimi  compound  and  the  latter,  by  the 
action  of  potassimn  xanthogenate,  transformed  into  the  diasoxan- 
thogenate  (XXXI).  The  latter  (XXXI)  gave  on  hydrolysis  the 
phenylhydantoin  of  thiotjrrosine  (XXXII).  The  various  trans- 
formations in  this  synthesis  are  represented  by  the  following 
formulas: 


"Wheeler  and  Brautlecht:  Amer.  Chem,  Jaum,,  xlv,  p.  446. 
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C«H»N — (X) 

I 
cs 

I 

NH— CHi 
XXVI 

C»H»N CO 


CeH^N CO 

I 
— >    C8 

I 
NF— C:CHC«H4N0i 

XXVII 


C|H»N— CO 

I 


CsHtSC 


N— C:CHC6H|N0i 
XXVIII 


I 
CO 

I 

NH— C:CHCeH4N0i 
XXIX 

cja»N — CO 

I 

CO 


CeH»N CO 

I 


CO 


NH— CHCHfCANsSCSOCiHi 
XXXI 


NH— CHCHSC6H4NH1 
XXX 

CtH»N CO 

I 
CO 

I 

NH— CHCHiCiHiSH 
XXXII 


The  hydantoin  (XXV)  and  phenylhydantoin  (XXXII)  of 
thiotyrosine  are  stable  substances  and  apparently  are  not  oxi- 
dised by  the  air  to  their  corresponding  disulphides.  They  are 
both  decomposed  by  heating  with  a  strong,  aqueous  solution  of 
barium  hydroxide  with  evolution  of  ammonia  and  aniline  and  for- 
mation of  thiotyrosine  (XXXTV).  This  amino-acid,  however,  is 
less  stable  than  its  corresponding  hydantoin  derivatives  and  under- 
goes an  immediate  oxidation  in  this  alkaline  solution  forming  the 
corresponding  disulphide  (XXXIII).  The  latter  compound  is  a 
weU  crystallised  substance  and  is  very  insoluble  in  water.  It  is 
converted  quantitatively  into  thiot3rroeine  (XXXTV)  by  reduction 
with  tin  and  hydrochloric  acid.  The  properties  of  these  two  new 
amino-acids  and  several  of  their  salts  are  given  in  the  experimental 
part  of  this  paper. 


C^EUti CO 

I 


CO 


NH— CHCH.C«H«8H 
XXXII 


NH— C 

I 
CO 


NH— CHCaCja^SH 
XXV 
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NH, 


NH, 

I 


HOOCCH  .CH,C«H4S,C*H4CH,CHCOOH 
XXXIII 
NH,  NH, 


HSC,H4CHiCH(NH,)C00H. 
XXXIV 


HOOCCHCHiSiCHiCHCOOH  ^  HSCH,CH(NH,)COOH 
(Cystine)  (Cysteine) 

The  following  shows  the  diflferent  steps  by  which  the  synthesis  of 
thiotyrosine  from  hydantoin  has  been  effected: 

Hyd&ntoin 


Benzalhydantoin 

i 

Benzyihydantoin 

i. 

Nitrobenxy  Ihy  dan  toin 


Nitrobenxaihydantoin 


\ 

Aminobenxylhydantoin 

•I 

Diasobensylhydantoin  ethylxanthogenate 

4' 
Paraethy  I  xanthogenate-4-benxylhydantoin 

4' 
Thiotyrosinehydantoin 

i 

Disulphide  of  Thiotyrosine 

i 

Thiotyrosine 


EXPEBIMENTAL  PART. 

l-PhenyUg'tiiia-4''P(^raniircbenzalhydarUoin. 

C,H*N CO 

I 

cs 


NH— C:CHC,H4N0, 
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This  hydantoin^  was  prepared  by  condensation  of  nitroben- 
saldehyde  with  phenylthiohydantoin.  The  latter  was  prepared 
by  the  action  of  phenylisothiocyanate  on  ethyl  amino-acetate.^* 
The  phenylthiohydantoin  was  condensed  with  a  molecular  pro- 
portion of  nitrobensaldehyde  by  digestion  for  about  one  hour  in  15 
parts  of  glacial  acetic  acid  in  the  presence  of  2  parts  of  anhydrous 
sodium  acetate.  The  add  mixture  was  then  poured  into  a  large 
volume  of  cold  water  when  most  of  the  condensation  product 
separated.  This  was  separated  by  filtration  and  the  filtrate  evap- 
orated to  dryness  to  remove  acetic  acid.  The  sodium  acetate  was 
then  dissolved  with  water  when  the  remainder  of  the  condensation 
product  was  obtained.  After  washing  the  crude  hydantoin  with 
cold  alcohol  and  ether  it  was  then  purified  by  recrystallisation 
from  boiling  glacial  acetic  acid.  It  separated  on  cooling  in  the 
form  of  yellow  prisms,  which  melted  at  278°  to  279°.  The  yield 
was  nearly  quantitative.  The  hydantoin  is  extremely  insoluble 
in  the  common  organic  solvents  and  dissolves  in  sodium  hydroxide 
solution  forming  a  characteristic  sodium  salt,  which  is  difficultly 
soluble  in  water.  The  hydantoin  is  precipitated  unaltered  by 
addition  of  acids  to  aqueous  solutions  of  its  sodium  salt. 

Cbloulated  f or 
Analysis  (IQeldahl):  c«Ha0.N.S:  Found: 

N 12  92  12.90 

i-PA6nyt>f-etAy2m6rcap(o-4-parant<roben2»2Ay(iantoin. 

CHJjr— CO 

i 

CtH»SC 

II 

N— C:CHCja4NQ, 

Paranitrobensalhydantoin  was  first  converted  into  its  sodium 
salt  by  warming  with  an  alcoholic  solution  of  sodium  ethylate, 
containing  one  molecular  proportion  of  sodium.  Somewhat  more 
than  one  molecular  proportion  of  ethylbromide  was  then  added  and 
the  mixture  heated  on  the  steam  bath  until  the  reaction  was  com. 

"  Wheeler  and  Brautlecht:  loe,  ciL 

^Marckwald,  Neumark  and  Stelsner:  Ber.  d,  deuinch,  chem.  OeselUch,, 
jodv,  p.  3278. 
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plete.  The  excess  of  alcohol  and  ethylbromide  was  then  removed 
by  evaporation  at  100^  and  the  residue  dissolved  in  the  least  possi- 
ble volume  of  hot  water.  On  cooling,  this  mercaptohyduitoin 
separated  as  long  yellow  needles,  which  melted  at  212^  to  213^ 
to  a  clear  oil.  It  was  purified  for  analysis  by  recrystallisation 
from  boiling  glacial  acetic  acid.    It  was  dried  for  analysis  at  110^. 

Gaknilatad  for 

Analysis  (Kjeldahl):  Ci.HuOa*.S:  Found: 

N 11.90  11 .72 

I'-Pfienyl'i'paranitrobenzalhydanUrin. 

C.H,N CO 

I 
CO 

I 

NH— C:CHC,H4N0, 

A  quantitative  yield  of  this  hydantoin  was  obtained  by  diges- 
tion of  the  preceding  mercapto  compound  with  hydrochloric  acid. 
The  compound  is  very  difficultly  soluble  in  alcohol  and  crystallises 
from  acetic  acid  in  needles,  which  melt  at  300^  to  a  dark  colored 
oil.  The  hydantoin  dissolves  in  concentrated  sulphuric  acid, 
giving  an  orange-colored  solution.  It  was  dried  for  analysis  at 
110^ 

CftleulAted  f or 
Analysis  (Kjeldahl):  CitHuO-N.:  Found: 

N 13.59  13.48 

l'PhenyU4'para-<^mincbenzylhydafUoin. 

CAN CO 

I 
CO 

I 

NH— CHCH1C.H4NH, 

This  hydantoin  was  formed  when  the  preceding  nitrobenzal 
derivative  was  boiled  with  7  parts  of  hydriodic  acid  (specific 
gravity  1.7)  and  0.2  part  of  red  phosphorus.  After  the  reduction 
was  complete  the  acid  solution  was  diluted  copiously  with  water 
and  then  filtered  to  remove  phosphorus.  After  concentration  of 
the  solution  and  cooling,  the  hydriodideof  thehydantoin  separated. 
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The  yield  was  nearly  quantitatiye.  The  salt  crystallises  irooL 
95  per  cent  alcohol  in  prismatic  blocks,  which  melt  at  275^  with 
decomposition. 

Galeulfttad  for 
AnalTBIB  (Kjeldahl):  CiiHiiOiNt.HI:  Fcmnd: 

N 10.27  10.31 

1 31.05  31.09 

In  order  to  obtain  the  free  hydantoin  base  this  hydriodide  was 
dissolved  in  dilute  alcohol  and  ammonia  added  to  the  solution. 
The  hydantoin  separated  immediately  and  was  purified  for  analy- 
sis by  crystallisation  from  boiling  95  per  cent  alcohol.  It  separate, 
on  cooling,  as  prismatic  crystals,  which  melted  at  143^  to  a  clear 
yellow  oil.    It  was  dried  for  analsrsis  at  100^. 

Caleulated  for 

Analysis  (Kjeldahl):                                     Ci.H„o,N.:  Found: 

N 14.«5  14.79 

Hydrochloride  of  l'PhenyU4'parar(miinobenzylhydantoin, 
CuHiiOsNt.HCl:  This  was  prepared  by  dissolving  the  base  in 
dilute  hydrochloric  acid.  It  is  also  formed  smoothly  by  digest- 
ing the  hydriodide  in  aqueous  solution  with  an  excess  of  freshly 
precipitated  silver  chloride.  The  salt  crystallizes  in  prisms, 
which  melt  with  decomposition  at  260^  to  262^. 

A  Cblotdfttod  for 

Analysis:  OMHuOtNa.Ha:  Pound: 

I  n 

CI 11.11  11.11  11.06 

StUphaie   of   l'PhenyU4-p<J^Or<iminobenzylhydafUoin, 
CisHi»0sNt.HsS04:  This  salt  cr3rstallizes  from  dilute  sulphuric 
acid  in  slender,  colorless  prisms  which  decompose  at  an  indefinite 
temperature,  from  190^  to  250^,  according  to  the  rate  of  heating. 

CftleuUtedfor 
Analysis:  CuHuOtNt.BOO*:  Foimd: 

8 8.44  8.30 

N 11.08  10.90 

Nitrate   of  l-PhenyU^-pararaminobenzylhydantoin, 
CiiHifOsNt.HNOt.    This  was  prepared  by  dissolving  the  amino- 
hydantoin  in  dilute  nitric  acid.    It  separated  from  its  hot  nitric 
acid  solution  in  plates,  which  decomposed  from  190^  to  240^, 
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i^ccording  to  the  rate  of  heating.    It  was  dried  for  analysis  in  a 
desiccator  over  concentrated  sulphuric  acid. 

GaleuUted  for 

Analysis  (Kjeldahl):                                Ci«Hi^n..hno.:  Found: 

N 16.28  16.05 

4'ParanitrobemalhydanUrin. 

NH— CO 

I 
CO 

I 

NH— C:CHC,H4NO, 

This  compound  has  been  described  in  a  previous  paper  from  this 
laboratory  and  was  prepared  by  condensation  of  hydantoin  with 
paranitrobenzaldehyde.^'  We  prepared  it  according  to  this  method 
and  purified  it  by  crystallization  from  glacial  acetic  acid.  It 
melts  at  254.'' 

Caleiilatcdfor 

Analysis  (Kjeldahl):  CmHK)4N,:  Found: 

N 18.08  17.91 

4'Para-aminobemylhydantoin. 

NH— CO 

I 
CO 

I 

NH— CHCH,C.H4NHi 

This  hydantoin  was  obtained  in  the  form  of  its  hydrochloric 
acid  salt  by  reduction  of  the  preceding  nitro  compound  with  tin 
and  hydrochloric  acid.  The  solvent  used  was  95  per  cent  alcohol. 
After  the  reduction  was  complete  the  solution  was  then  evaporated 
to  dryness  to  remove  the  alcohol  and  hydrochloric  acid.  The 
double  tin  salt  was  then  dissolved  in  water,  the  tin  precipitated  as 
the  sulphide  and  the  solution  then  evaporated  again  when  the 
hydrochloride  of  the  hydantoin  was  obtained.  This  salt  is  ex- 
tremely soluble  in  water  and  was  purified  by  crystallization 

^^  Wheeler  and  Hoffman:  loc.  cit. 
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from  alcohol,  which  was  saturated  with  hydrochloric  acid  gas,  or 
from  dilute  hydrochloric  acid.  It  separated  in  prisms,  which 
melted  with  decomposition  at  255°  to  257°.  The  jrield  was  excel- 
lent. It  was  dried  for  analysis  in  a  desiccator  over  sulphuric 
acid. 

CaleulaUNl  for 
AnalTSIS:  CitHuOiN..HCl:  Fpund: 

I  11  ni 

N 17.39     17.34     17.44 

CI 14.70  14.68 

This  same  hydrochloride  can  also  be  obtained  by  digesting  the 
hydriodide  (see  below)  in  aqueous  solution  with  silver  chloride. 
In  order  to  obtain  the  hydantoin  the  hydrochloride  was  dissolved 
in  water  and  an  equivalent  quantity  of  sodium  hydroxide  added  to 
the  solution.  The  hydantoin  separated  at  once  in  the  form  of 
prisms  and  was  purified  for  analysis  by  crystallization  from  95 
per  cent  alcohol.    It  melted  at  145°. 

Calculated  for 

Analysis  (Kjeldahl):                                    Ci.HnO.N.:  Found: 

N 20.49  20.57 

Hydriodide  of  i-Paror^LminohenzylhydanUnn,  CioHuOjNs.HI: 
This  salt  is  formed  quantitatively  by  reduction  of  paranitrobenzyl- 
hydantoio  with  hydriodic  acid  and  phosphorus.  After  removing 
the  red  phosphorus  by  filtration  and  the  excess  of  hydriodic  acid 
by  evaporation  the  crystalline  hydriodide  was  obtained.  It  was 
purified  by  crystallization  from  95  per  cent  alcohol  and  separated, 
on  cooling,  in  needles  which  decomposed  at  220°.  It  was  dried 
for  analysis  in  a  desiccator  ovei*  sulphuric  acid. 

Calculated  for 
CuHiiOtNi.Hl:  Found: 

Analysis:  i  u  iu 

N 12.61  2.39 

I 38.14  37.77  37.99 

The    Formation  of  Tyrosinehydantoin  from  i-Para-aminobemyU 

hydantoin. 

One  gram  of  the  above  para-amino  derivative  was  diazotized 
in  the  usual  manner,  and  the  corresponding  diazonium  salt  then 
decomposed  by  heating  on  the  steam  bath.    Nitrogen  was  evolved 
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and  a  crystalline  substance  was  obtained,  which  was  identified  as 
tyrosinehydantoin.  The  jdeld  was  0.8  gram  and  it  melted  at 
258^.  When  mixed  with  some  pure  tyrosinehydantoin,  prepared 
from  anisalhydantoin  by  reduction  with  hydriodic  acid,  this  melt- 
ing point  was  not  altered. 

Analysis  (Kjeldahl):  CnHt^OtNt:  Foand: 

I  n 

N 13.59  13.32  13.46 

4'ParanitrobeneyIhydafUoin. 

NH— CO 

I 
CO 

I 

NH— CHCH,CiH4N0, 

The  hydantoin  of  phenylalanine,  which  was  used  in  this  experi- 
ment, was  prepared  by  reduction  of  benzalhydantoin^*  with  sodium 
amalgam.  The  nitro  group  was  introduced  by  nitration  at  0^ 
with  nitric  acid  of  specific  gravity  1 .52.  For  one  part  of  the  hydan- 
toin we  used  3  parts  of  the  nitric  acid.  After  nitration,  the  acid 
solution  was  then  poured  into  water  when  the  nitro  compound 
separated.  The  yield  was  generally  about  85  per  cent  of  the  the- 
oretical. The  hydantoin  was  purified  by  crystallization  from 
boiling  acetic  acid  and  separated  on  cooling  as  pale-yellow  prisms, 
which  melted  at  238°  to  240°  with  decomposition.  The  compound 
is  soluble  in  hot  alcohol,  difficultly  soluble  in  acetone  and  insoluble 
in  ether.  • 

Analysis  (Kjeldahl):        ^oShJSn!!?'  Found: 

r  n  m 

N 17.87  17.87  17.81  17.68 

Reduction  of  ^--ParanUrobemylhydanUnn  to  ^-PararaminobenzyU 

hydantoin. 

This  amino  hydantoin  was  obtained  in  the  form  of  its  hydro- 
chloride by  reduction  of  this  nitro  compound,  in  alcohol,  with  tin 
and  hydrochloric  acid.    It  was  separated  from  tin  in  the  usual 

"  Wheeler  and  Hoffman:  loc.  cii. 
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manner  and  obtained  in  the  form  of  prisms,  which  melted  at  255^ 
with  decomposition.  A  mixture  of  this  salt  and  the  hydrochloride 
obtained  by  reduction  of  nitrobenzalhydantoin  (above)  melted 
at  the  same  temperature. 

Cdeulated  for 
Analysis:  CtoHuOsNa.HCI:  Fo>ind: 

N 17.39  17.36 

CI 14.70  14.61 

4'Par(idicLZobenzylhydaniain  EOiylxanthogencUe. 

NH— CO 

I 
CO 

I 

NH— CHCHiCHiN :  N  •  SCSOC  A 

The  hydrochloride  of  4-aminobenzylhydantoin  was  dissolved 
in  dilute  hydrochloric  acid  containing  exactly  one  molecular 
proportion  of  hydrochloric  acid  and  then  diazotized  at  0^  to  5^  by 
addition  of  the  required  amount  of  sodium  nitrite.  An  excess  of 
potassium  xanthogenate  was  then  dissolved  in  water  and  the 
solution  added  slowly  to  the  diazonium  solution.  The  diazo- 
xanthogenate  separated  at  once  as  a  voluminous  yellow  precipi- 
tate and  was  separated  by  suction  filtration  and  washed  with  cold 
water.  This  compound  is  extremely  unstable  and  gradually  loses 
its  nitrogen,  being  converted  into  the  ethykanthogenate  of  ben- 
zyihydantoin  described  below.  No  definite  decomposition  point 
could  be  assigned  to  this  compoimd.  After  dr3ring  in  a  desiccator 
over  sulphuric  acid  for  one  day  it  decomposed  at  about  80°,  on  the 
second  day  at  115°  and  after  drying  one  week  the  decomposition 
point  was  140**  to  150°. 

Par€ieihylxanthogen(Ue'4'f>^i^lhydant(nn. 

NH— CO 

I 
CO 

I 

NH— CHCH,C,H4.8C80C,H* 

This  compoimd  was  formed  when  the  preceding  diazonium  com- 
pound was  allowed  to  stand  at  ordinary  temperature  or  when 
quickly  heated  at  90°.    It  was  obtained  as  a  brown  powder,  which 
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melted,  without  purification,  at  150**  with  effervescence.  It  was 
purified  for  analysis  by  crystallization  from  methyl  alcohol  and 
separated  in  plates,  which  melted  at  about  170^  with  effervescence. 

A  f-fj"  ij  tix  Calculated  for 

Analysis  (Kjeldahl):  CuHmOsNsSi:  Found: 

I  n 

N 9.03  9.06  9.01 

Thiotyrosinehydantoin. 

NH— CO 

I 
CO 

I 
NH— CHCHjCtH^SH 

This  compound  is  formed  by  saponification  of  the  above  xan- 
thogenate.  This  is  accomplished  not  only  by  treatment  with 
alkali  but  also  by  digestion  with  water.  In  fact  it  is  not  necessary 
to  isolate  the  xanthogenate  for  the  preparation  of  the  hydantoin 
but  to  heat  the  diazonium  compound  in  its  own  reaction  fluid. 
Nitrogen  is  evolved,  the  xanthogenate  is  decomposed  and  thio- 
tyrosinehydantoin  is  formed  smoothly  in  one  operation.  The 
hydantoin  is  difficultly  soluble  in  water  or  hydrochloric  acid  and 
separates,  on  cooling,  in  needles.  It  was  purified  for  analysis  by 
crystallization  from  95  per  cent  alcohol  and  melted  at  248^  to  249^. 

Analysis  (Kjeldahl): 

N 

Molecular  weight  determination  by  the  ebulliscopic  method: 

1.  0.2427  gram  substance  in  15.0  grams  glacial  acetic  acid  raised  boiling 
point  0.23"". 

2.  0.3636  gram  substance  in  15.0  grams  glacial  acetic  acid  raised  boiling 

point  0.3*. 

Caloulated  f or 

CitHtcOsNtS:  Fbund: 

I  n 

M.W 222  178  204 

Bisulphide  of  Thiotyrosine, 
CHs  •  CfHi  •  S  •  S  *  CfHi  *  CHs 

I  I 

CHNH.  CHNH> 

I  I 

COOH  COOH 


Calculated  for 

CitHitOsNsS: 

Found: 

I 

n 

in 

.     12.61 

12.55 

12.31 

12.58 
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Three  grams  of  thiotjrrosinehydantoin  were  digested  with  50 
grams  of  barium  hydroxide  in  100  cc.  of  water  for  twenty  hours. 
Barium  carbonate  was  for^ied  and  ammonia  was  evolved.  The 
barium  was  precipitated  as  sulphate  by  addition  of  a  slight  excess 
of  sulphuric  acid  and  the  clear  solution  concentrated  to  a  small 
volume.  On  cooling,  the  sulphate  of  this  disulphide  separated. 
It  was  purified  by  recrystallization  from  dilute  sulphuric  acid  and 
separated  in  minute,  colorless  prisms  arranged  in  burrs.  In  order 
to  obtain  the  free  amino-acid  the  sulphate  was  digested  with  water, 
when  the  salt  underwent  dissociation  and  the  disulphide  separated. 
This  compound  is  extremely  insoluble  in  water  and  melts  at  278** 
with  decomposition.    It  does  not  give  Millon's  test  for  tjrrosine. 

Directions  for  Preparing  this  Disulphide  directly  from  the 
Hydrochloride  of  i-Paroraminohenzylhydantoin:  Forty  grams  of 
the  aminobenzylhydantoin  hydrochloride  are  carefully  diazotized 
and  the  required  amount  of  potassium  xanthogenate  added 
to  the  solution  as  described  above.  The  yellow  diazoniimi 
compoimd  is  then  separated  by  filtration  on  a  Buchner  funnel, 
washed  well  with  cold  water  and  then  transferred  with  water  to  a 
large  Kjeldahl  flask.  The  mixture  is  then  warmed  carefully  to 
expel  the  nitrogen  and  finally  boiled  for  thirty  hours  with  5  parts 
of  bariiun  hydroxide  dissolved  in  hot  water.  In  this  manner  the 
hydantoin  ring  is  completely  hydrolyzed,  the  xanthogenate  is 
decomposed  and  the  disulphide  of  thiotyrosine  is  formed.  The 
barium  carbonate  is  then  filtered  off,  washed  with  water  and  the 
filtrate  combined  with  sufficient  dilute  sulphuric  acid  to  precipitate 
the  excess  of  bariimi  and  combine  with  the  disulphide  of  thio- 
tyrosine to  form  the  sulphate.  This  acid  filtrate  is  then  concen- 
trated on  the  steam  bath  until  the  sulphate  begins  to  separate  from 
the  hot  solution  and  then  cooled.  Most  of  the  sulphate  deposits 
here  and  is  separated  by  filtration.  In  order  to  obtain  the  pure 
amino-acid  this  salt  is  then  dissociated  by  warming  with  water. 
More  of  the  acid  is  obtained  by  cautiously  adding  anmionia  to  the 
sulphuric  acid  filtrate  until  the  solution  is  distinctly  alkaline  and 
finally  acidifying  with  acetic  acid.  The  solution  is  then  evaporated 
to  dr3mess  and  the  amino-acid  separated  from  inorganic  and 
organic  salts  by  trituration  with  cold  water.  The  3deld  of  the 
amino-acid  is  about  90  per  cent  of  the  theoretical.    It  can  be 
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purified  by  recrystallization  from  hot  water.     It  is,  however, 
extremely  insoluble  in  this  solvent. 

Carbon  and  hydrogen  determinations:  0.1611  gram  substance  gave  0.3244 
gram  (X)i  and  0.0780  gram  HsO. 

Sulphur  determination  (Carius) :  0.1038  gram  substance  gave  0.1250  gram 
BaSOi.    Nitrogen  determinations  (Kjeldahl): 

CalenlAted  for 

CitHMO«Na8i:  Found 

I  n  IB  nr  T 

C 65.10       64.02 

H 6.10         6.37 

N 7.14  7.09       7.14       7.16 

8 16.33  16.49 

The  Properties  of  the  Bisulphide  of  Thiotyrosine:  This  com- 
pound does  not  give  the  reaction  of  Adamkiewics,  Milton's  test 
nor  the  biuret  reaction.  It  likewise  gives  no  blue  color  with 
ferric  chloride  solution.  Its  behavior  towards  concentrated  sul- 
phuric acid  is,  however,  very  characteristic.  When  the  amino-acid 
or  any  of  its  salts  is  dissolved  in  this  reagent  and  the  solution  is 
heated  a  beautiful  purple  color  is  produced.  This  color  is  de- 
stroyed by  dilution  of  the  acid  solution  with  water.  In  fact  this 
color  test  for  thiot3nx)6ine  is  as  delicate  and  characteristic  for 
thiotjrrosine  as  the  Millon's  test  is  characteristic  for  tyrosine. 
Furthermore  the  characteristic  test  for  each  acid  is  not  inhibited 
by  the  presence  of  the  other  acid.  This  observation  is  of  impor- 
tance because  it  is  thus  possible  to  test  tyrosine  for  the  presence  of 
small  traces  of  thiot3rrosine.  If  found  as  a  cleavage  product  of 
proteins  it  would  probably  accompany  tyrosine  because  of  its 
insolubility  in  water.  The  acid  melts  with  decomposition  at 
about  278^  depending  on  the  mode  of  heating.  It  is  practically 
insoluble  in  all  the  common  organic  solvents  except  acetic  acid.  It 
is  difficultly  soluble  in  boiling  water  and  separates,  on  cooling,  in 
corpuscular  crystals  resembling  in  crystalline  form  that  of  isobar- 
bituric  acid.  It  combines  with  picric  acid,  hydrochlorplatinic  acid, 
mercury  chloride  and  phosphotungstic  acid  forming  insoluble  salts. 
No  one  of  these,  however,  were  characteristic  and  therefore  were 
not  examined.  The  acid  dissolves  in  cold  aqueous  ammonia, 
sodium  hydroxide  and  sodium  carbonate  solutions. 

Sulphate  of  the  Bisulphide  of  Thiotyrosine,  Ci8Hso04NsSt.HsS04: 
This  salt  crystallizes  from  dilute  sulphuric  acid  in  tufts  of  micro- 
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scopic  ciystals.  It  undergoes  dissociation  when  dissolved  in  water 
and  the  amino-acid  separates.  It  was  dried  for  analysis  in  a 
vacuum  desiccator  over  sulphuric  acid  and  calcium  chloride. 

Calculated  for 
Analysis  (Kjeldahl):  CitHH04N«8..H,S04:  Pound: 

N 6.72  6.86 

Hydrochloride,  Ci8Hso04NsSt.2HCl:  This  salt  crystallizes  from 
hydrochloric  acid  in  burrs  of  minute  needles  and  decomposes  at 
278^.  This  salt  likewise  undergoes  dissociation  when  dissolved 
in  water.  It  was  dried  for  analysis  in  a  desiccator  over  potassium 
hydroxide. 

A  Calculated  for 

AnaLTSIB:  CiiHwOiNiSt  2HCI:  Found: 

I  u 

a 15.27  15.28  16.04 

Dibemoyl  Derivative  of  the  Dievlphide  of  Thiotyrosine, 

CH)  •  CtHi  *  S  *  S  *  CtH4  •  CHf 

I  I 

CHCOOH  CHCOOH 

I  I 

NHCOCH*  NHCOCH, 

Sixty-three  hundredths  of  a  gram  of  anhydrous  sodium  carbon- 
ate was  dissolved  in  15  cc.  of  water  and  1  gram  of  the  disulphide 
suspended  in  the  solution.  Two  molecular  proportions  of  benzoyl- 
chloride  were  then  added  and  the  mixture  shaken  until  the  odor  of 
benzoylchloride  entirely  disappeared.  The  benzoyl  compound 
was  formed  and  separated  as  a  colorless,  crystalline  solid.  After 
filtering,  washing  with  dilute  hydrochloric  acid  and  finally  with 
water,  the  compound  was  then  dried  at  100°.  The  crude  product 
was  then  digested  with  petroleum  ether  to  remove  benzoic  acid 
and  dried  at  100**.  The  yield  was  1.5  grams.  The  acid  crystal- 
lizes from  glacial  acetic  acid  in  prisms  or  clusters  of  needles  and 
decomposes  at  about  200**  with  eflfervescence.  A  mixture  of  this 
compound  and  the  disulphide  of  thiotyrosine  melted  at  179**. 
When  digested  with  hydrochloric  acid  the  benzoyl  compound  is 
decomposed  and  the  disulphide  of  thiotyrosine,  melting  at  278**, 
is  formed. 
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Ciaeulatedfor 

GMHuOtNtSi:  FooBd: 

Analysis   (Kjeldahl):  i  u 

N 4.59  4.70  4.66 

Hydavioin  of  Thiotyrosine  Distdphide, 

NH— CO  CO— NH 


CO 

I 


CO 

I 


NH— CHCH,C,HAC,H4CH,CH— NH 

This  compound  was  formed  by  the  action  of  potassium  cyanate 
on  the  hydrochloride  of  thiotyrosine  disulphide.  It  could  not 
be  obtained  in  a  crystalline  condition  and  decomposed  at  about 
278^ 

Gkleulated  for 

Analysis  (Kjeldahl):  C^HiiO^NA:  iVmnd: 

N 12.6  12.44 

ThiotyroHne. 

HS.C,H4.CH,.CH.(NH,).C00H. 

This  acid  is  formed  by  reduction  of  its  disulphide  with  tin  and 
hydrochloric  acid  in  alcoholic  solution.  After  the  reduction  was 
complete,  the  tin  and  excess  of  hydrochloric  acid  were  removed  in 
the  customary  way  and  the  acid  solution  of  the  amino-acid  con- 
centrated and  cooled.  The  hydrochloride  of  thiotyrosine  separated. 
The  3deld  was  good  and  in  one  experiment  we  obtained  5.7  grams  of 
the  salt  from  5  grams  of  the  disulphide.  This  salt  crystallized 
from  20  per  cent  hydrochloric  acid  in  tufts  of  colorless,  pointed 
prisms,  which  melted  at  249°  with  effervescence.  It  was  dried 
for  analysis  in  a  desiccator  over  potassiimi  hydroxide. 

Gftloialatcd  for 
analysis:  CfHnOfNS.Ha:  Found: 

I  n 

CI 16.20  16.17         16.28 

In  order  to  obtain  thiot3rrosine  this  hydrochloric  acid  salt  was 
dissolved  in  a  small  volmne  of  water  and  ammonia  cautiously  added 
to  combine  with  the  hydrochloric  acid.  Thiotyrosine  separated 
as  an  amorphous,  colorless  solid.    It  was  separated  as  usual. 


Digitized  byVjOOQlC 


Treat  B.  Johnson  and  Charles  A.  Brautlecht    195 

quickly  washed  with  water  and  dried  in  a  desiccator  over  sulphuric 
acid  or  calcium  chloride.  It  melted  without  further  purification 
at  about  250^  to  a  yellow  oil  with  effervescence.  This  melting 
varies  according  to  the  mode  of  heating. 

Analysis:  Carbon  and  hydrogen  determinations:  0.1308  gram  substance 
gave  0.2631  gram  COi  and  0.0674  gram  HtO. 

Sulphur  determination  (Carius) :  0.1134  gram  substance  gave  0.1314  gram 
BaSO«. 

Nitrogen  determination  (Egeldahl) : 

Gbleulated  for 
CiHuOiNS:  Found: 

I  u  ta 

C 64.82  64.69 

H 6.58  6.73 

8 16.24  16.87 

N 7.11  7.04 

ProperHea  of  Thioiyrosine.  Thiotyrosine  is  practically  insoluble 
in  methyl  or  ethyl  alcohol,  petroleum  ether,  acetone,  benzene  and 
carbon  bisulphide.  It  dissolves  in  hot  water  and  glacial  acetic 
acid.  It  cannot,  however,  be  purified  by  recrystallisation  from 
water  because  of  its  instability.  It  slowly  undergoes  oxidation 
under  these  conditions  and,  on  cooling  the  solution,  the  disulphide 
or  a  mixture  of  the  disulphide  and  thiotyrosine  deposits.  The 
acid  melts  at  249^  to  250^  with  decomposition  while  the  disulphide 
melts  at  279^.  It  does  not  give  Millon's  test  for  tyrosine,  and 
reacts  with  sulphuric  acid  giving  the  same  purple  color  as  is 
formed  by  action  of  this  acid  on  its  disulphide.  Attempts  to 
prepare  a  characteristic  benzoyl  derivative  were  unsuccessful. 

The  Preparation  of  Thiotyrosine  from  UPhenylri-paroraminO' 
bemylhydantain:  Seven  grams  of  l-phenyl-4-para-aminobenzyl- 
hydantoin  were  dissolved  in  dilute  hydrochloric  acid  and  con- 
verted into  its  diazonium  salt  by  addition  of  the  required 
amoimt  of  sodium  nitrite.  An  excess  of  potassium  xanthogenate 
was  then  dissolved  in  water  and  this  solution  added  slowly  to  the 
cold  diazonium  solution.    The  xanthogenate  (XXXI)  separated  at 

C»H»N CO 

I 
CO 

I 

NH— CHCH,  C,H4N :  NSCSOCH. 
XXXI 
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once  as  a  bulkly,  yellow  solid.  This  was  then  separated  by  filtra- 
tion, washed  with  water  and  finally  suspended  in  200  cc.  of  water 
in  a  Kjeldahl  flask.  On  warming  this  mixture  nitrogen  was  evolved 
and  the  corresponding  xanthogenate  (XXXIII)  formed.    This 

C,H,N— CO 

I 
CO 

I 

NH— CHCH,C.H«8C80CiB[| 
XXXIII 

compound  was  not  isolated,  but  75  grams  of  crystallized  barium 
hydroxide  were  then  added  and  the  mixture  boiled  on  a  sand 
bath,  with  reflux  condenser,  for  thirty  hours.  Barium  carbonate 
was  formed  and  aniline  and  volatile  sulphur  compounds  were 
evolved.  The  aniline  was  expelled  by  distillation  with  steam,  the 
barium  carbonate  filtered  off  and  the  excess  of  barium  precipitated 
from  the  filtrate  by  addition  of  an  excess  of  dilute  sulphuric  acid. 
On  concentrating  this  acid  solution  and  cooling  the  sulphate  of  the 
disulphide  of  thiotyrosine  separated.  The  disulphide  was  obtained 
in  the  manner  described  above  by  dissociation  of  this  salt  with 
water.  It  crystallized  from  hot  water  in  tufts  of  minute  crystals 
which  melted  at  278®.  When  mixed  with  some  disulphide,  pre- 
pared from  tyrosine  hydantoin,  this  melting  point  was  not  altered. 
The  acid  also  gave  the  characteristic  purple  color  when  warmed 
with  concentrated  sulphuric  acid.  The  yield  was  65  per  cent  of 
the  theoretical.  Two  grams  of  this  disulphide  were  reduced  to 
thiotyrosine  by  means  of  tin  and  hydrochloric  acid.  After 
removal  of  the  tin  the  acid  was  then  obtained  in  the  form  of  its 
hydrochloric  acid  salt,  which  melted  at  248®  with  effervescence. 
It  was  dried  for  analysis  in  the  air. 

Cftloulated  for 
Analysis:  CtHuOsNS  HCl:  Foand: 

CI 15.20  16.04 


Digitized  byVjOOQlC 


A  MODIFICATION  OF  RITTER'S  METHOD  FOR  THE 
QUANTITATIVE  ESTIMATION  OF  CHOLESTEROL. 

BY  HARRY  J.  CORPER. 

(From  the  Otho  S.  A.  Spragve  Memorial  InatituU  and  the  Pathological  Labora- 
tory of  the  Univernty  of  Chicago,) 

(Received  for  publication,  June  7,  1912.) 

As  was  pointed  out  in  previous  papers^  the  quantitative  deter- 
mination of  total  cholesterol  in  small  amounts  by  the  Hitter  method 
was  found  to  be  inadequate,  not  only  by  myself  but  also  by  other 
authors.'  The  source  of  inaccuracy  of  the  method  was  found  to 
lie  in  the  fact  that  an  excess  of  sodium  alcoholate  prevents  a  quan- 
titative extraction  of  cholesterol.  If  this  source  of  error  were  elim- 
inated it  was  hoped  that  we  might  have  a  method  at  our  disposal 
which  could  be  used  for  the  quantitative  estimation  of  cholesterol, 
asy  from  a  chemical  standpoint.  Hitter's  method  seemed  best 
adapted  for  avoiding  the  troublesome  interference  occasioned  by 
the  formation  of  soaps  in  shaking  out  the  cholesterol  by  means  of 
ether.  Another  point  of  importance  in  the  quantitative  deter- 
mination of  cholesterol  was  the  fact  that  in  the  saponification  we 
must  be  assured  that  sufficient  sodium  alcoholate  has  been  used  to 
completely  saponify  all  the  fats  and  the  cholesterol-esters.  In  the 
original  Bitter  method  we  are  restricted  in  the  use  of  the  saponify- 
ing agent,  as,  when  this  is  used  even  in  slight  excess,  a  considerable 
loss  of  cholesterol  may  result.  The  aim  of  this  paper,  then,  is  to 
point  out  a  way  to  surmount  these  difficulties  and  determine  choles- 
terol gravimetrically  within  milligrams. 

The  gravimetric  methods  recommended  for  the  determination 
of  cholesterol  are  numerous  but  have  been  worked  out  mainly  for 
determining  large  amounts,  and  in  many  cases  have  not  been  suffi- 

^  Corper:  this  Journal,  xi,  p.  37,  1912;  zi,  p.  27,  1912. 

'  Corper:  Joum.  of  Exp.  Med.,  xv,  p.  429,  1912;  Baldwin:  this  Journal, 
iv,  p.  213,  1906;  Waldemur  Koch  (personal  interview)  was  unsuccessful  in 
the  use  of  Hitter's  method  on  brain  tissues. 
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ciently  well  controlled  to  rule  out  all  possibilities  of  error.  Only 
such  literature  will  be  cited  as  has  a  direct  bearing  upon  the  work 
given  in  this  paper. 

Gerard  and  Verhaeghe*  saponified  the  fats  by  means  of  alcoholic  potash, 
passed  carbon  dioxide  into  this  mixture,  evaporated  the  saponified  mixture 
to  dryness  in  the  presence  of  sand  and  extracted  this  mixture  with  anhydrous 
ether.  The  ethereal  extract  was  then  fused  with  bensoic  anhydride  and 
cholesterol  determined  as  cholesterol  bensoate.  All  the  figures  are  given 
on  the  basis  of  100  grams,  moist  weight,  so  that  it  is  impossible  to  say  how 
accurate  this  method  is.  G6rard^  examined  70.9  liters  of  urine  for  choles- 
terol by  evaporating  it  to  dryness  after  mixing  with  sand,  extracting  the 
dried  mixture  in  a  Soxhlet  by  means  of  anhydrous  ether,  the  ethereal  extract 
dissolved  in  alcohol  saponified  by  means  of  potash,  carbon  dioxide  then 
passed  into  this,  the  potassium  carbonate  filtered  off,  the  filtrate  eviq^or- 
ated  to  dryness  and  extracted  by  means  of  ether.  This  extract  weighed 
0.544  gram  and  contained  0.011  gram  of  impure  cholesterol. 

Where  only  small  amounts  of  material  are  to  be  examined  for 
cholesterol,  not  sufficient  for  a  gravimetric  analysis,  the  colon- 
metric  methods  may  be  of  service.  Two  of  these  have  been  recom- 
mended, one  on  the  basis  of  the  Salkowski  reaction  and  the  other 
using  the  Liebermann  reaction. 

Weston,*  in  a  thorough  piece  of  work  with  pure  cholesterol,  found  that  the 
Salkowski  reaction  was  serviceable  for  the  quantitative  determination  of 
small  amounts  of  pure  6holesterol,  the  best  colors  for  comparison  being 
obtained  between  0.1  mgm.  and  0.25  mgm. 

Grigaut*  used  the  Liebermann  reaction  for  the  quantitative  determination 
of  cholesterol  after  extracting  and  saponifying.  He  says  the  reaction  is 
best  between  0.1  and  3.0  mgm.  The  method^  is  not  serviceable  when  iso- 
cholesterol,  etc.,  are  present.  In  a  second*  modified  method  the  author 
puts  2  cc.  of  serum,  or  0.1  to  1.0  gram  of  fresh  ground  tissue,  and  20  cc.  of 
1  per  cent  soda  in  50  per  cent  alcohol  into  a  90  cc.  flask.  This  is  placed  in  a 
water  bath  for  fifteen  to  twenty  minutes,  cooled  and  extracted  with  ether; 
the  ether  extract  is  evaporated  and  dissolved  in  chloroform  for  the  test. 
By  this  means  Grigaut  says  he  obtains  figures  comparable  to  gravimetric 
figures. 

*  Gerard  and  Verhaeghe:  Joum,  de  pharm,  et  de  chim.,  iii,  serie  7,  p.  386, 
1911. 

*  G6rard:  CompL  rend.  soc.  6toZ.,  Ixx,  serie  22,  p.  998,  1911. 
•Weston:  Joum.  of  Med.  Ree.,  xxvi,  p.  47,  1912. 

*  Grigaut:  Compt.  rend.  eoc.  hiol.,  Ixviii,  serie  16,  p.  791, 1910. 
^  Ibid.,  Ixviii,  serie  17,  p.  827,  1910. 

*  Ibid.,  Ixxi,  serie  33,  p.  513,  1911. 
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BXPSRIMBNTAL  PABT. 

Ritter*  adds  100  cc.  of  alcohol  to  50  grams  of  fat,  brings  the  mix- 
ture to  a  boil  on  a  water  bath  and  then  adds  to  this  160  cc.  of  sodium 
alcoholate  described  by  Kossel  and  KrQger.^®  The  alcohol  is 
then  evaporated  off  on  the  water  bath,  salt  is  added  in  amount 
equivalent  to  about  one  and  a  half  times  the  weight  of  fat  taken 
(to  prevent  the  extraction  of  soaps  by  ether)  and  enough  water  so 
that  the  residue  goes  into  solution.  This  is  then  dried  on  the  water 
bath  with  constant  stirring,  and  then  at  80^C.  in  a  drying  oven. 
It  is  pulverized,  put  into  a  sulphuric  acid  desiccator  for  a  short 
time,  then  into  an  extraction  thimble  and  is  extracted  in  a  Soxhlet 
apparatus  with  ordinary  ether  for  nine  hours.  The  ether  extract 
is  shaken  out  with  water  to  remove  glycerin,  then  dried,  dissolved 
in  hot  alcohol,  precipitated  by  means  of  water,  the  precipitate 
dried  at  lOO"*  to  120''C.,  and  weighed. 

Since,  as  shown  in  my  previous  paper,  an  excess  of  sodium  alco- 
holate prevents  thorough  extraction  of  cholesterol  from  the  salt 
mixture,  and  an  excess  is  absolutely  essential  to  guarantee  com- 
plete saponification,  it  was  found  necessary  to  remove  sodium 
alcoholate  from  the  field  of  action  and  at  the  same  time  not  to 
introduce  a  factor  or  a  chemical  which  would  liberate  the  fatty 
acids  from  soaps.  Fatty  acids  being  ether-soluble  our  results 
would  otherwise  never  be  quantitative.  This  difficulty  was  over- 
come by  using  carbon  dioxide  in  order  to  form  sodium  hydrogen 
carbonate,  which  is  weakly  alkaline  and  cannot  liberate  the  fatty 
acids  from  the  soaps;  whether  it  would  likewise  prevent  a  quantita- 
tive extraction  of  cholesterol  from  the  salt  mixture  had  to  be  deter- 
mined. For  this  purpose  pure  cholesterol  was  used  and  the  entire 
process  carried  through  as  follows: 

Duplicate  samples  of  cholesterol,  0.100  gram,  were  dissolved  in  10  cc.  of 
absolute  alcohol  by  heating  on  the  water  bath.  After  complete  solution 
40  cc.  of  5  per  cent  sodium  alcoholate  were  added  and  the  mixture  further 
heated  for  about  fifteen  to  twenty  minutes,  cooled,  allowed  to  stand  over 
night  (this  was  all  done  in  a  large  beaker,  500  cc.  or  1  liter,  Jena  glass),  then 
about  100  cc.  of  water  added  and  through  this  was  passed  a  slow  stream  of 
carbon  dioxide  gas  from  a  Kipp  generator  for  from  three  to  five  hours.    The 

•  Ritter:  Zeitschr.f,  physiol.  Chem.f  xxxiv,  p.  461,  1903. 
»•  Kossel  and  Krtiger:  ibid.,  xv,  p.  321.  1891. 
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mixture  was  then  warmed  and  poured  into  an  evaporating  dish  and  20  to  30 
grams  of  table  salt  added,  the  entire  mixture  evaporated  to  dr3mes8  on  the 
water  bath  with  stirring  and,  when  dry,  quantitatively  transferred  to  a 
Soxhlet  thimble,  to  be  further  dried  at  IWC.in  adrsdng  oven  for  an  hour  or 
two  and  then  cooled  in  a  desiccator.  This  mixture  was  extracted  for  seven 
to  nine  hours  in  a  Soxhlet  apparatus  with  ether  (anhydrous),  the  ether 
extract  (diluted  to  100  to  300  cc.)  shaken  out  with  three  changes  of  distilled 
water  (200  to  6(X)  cc.)»  the  combined  water  again  shaken  out  with  about  50 
to  1(X)  cc.  of  ether  and  this  ether  further  washed  with  two  more  changes  of 
water.  The  combined  ethers  were  evaporated  to  dryness  in  a  large  beaker 
and  then,  when  of  small  volume  transferred  to  a  small  weighed  beaker, 
dried  at  lOO^C.  and  weighed.  Recovered:  Experiment  lA,  0.104  gram; 
Experiment  IB,  0.101  gram. 

Two  other  samples  were  analysed,  using  0.100  gram  of  pure  cholesterol 
through  which  carbon  dioxide  had  been  passed  for  only  about  two  and  a  half 
hours.  Recovered:  Experiment  IC,  0.095  gram;  Experiment  ID,  0.093 
gram. 

As  a  result  of  the  above  experiments  we  can  say  that  carbon  diox- 
ide passed  into  the  saponified  mixture  will  successfully  remove 
the  sodium  alcoholate  so  that  it  will  not  interfere  with  the  quanti- 
tative extraction  of  cholesterol  from  the  soap-sodium  chloride 
mixture  in  the  Soxhlet  apparatus.  In  order  to  assure  the  removal 
of  all  the  sodium  alcoholate,  however,  the  carbon  dioxide  should 
be  passed  into  the  mixture  for  at  least  three  hours,  preferably  for 
five  hours. 

To  determine  whether  cholesterol  could  be  recovered  quanti- 
tatively from  large  amounts  of  fat,  the  following  experiments  were 
carried  out: 

Experiment  2A.  0.100  gram  of  pure  cholesterol  was  mixed  with  8  cc. 
of  olive  oil,  the  mixture  dissolved  in  20  cc.  of  absolute  alcohol  and  saponified 
with  50  cc.  of  5  per  cent  sodium  alcoholate,  allowed  to  stand  over  night,  car- 
bon dioxide  added  to  saturation,  etc.,  as  above.  Recovered:  0.147  gram  of 
cholesterol. 

Experiment  2B.  Duplicate  of  Experiment  2A,  with  the  exception  that 
5  cc.  of  olive  ^U  were  used.    Recovered:   0.129  gram  of  cholesterol. 

Unfortunately  the  olive  oil  used  contained  cholesterol  but  if  we  consider 
the  amount  used  the  results  are  quantitative,  as  in  the  first  case,  from  8 
cc.  of  olive  oil,  47  mgm.  of  cholesterol  were  recovered,  and  from  5  cc,  20 
mgm.,  which  is  about  five-eighths  of  47  mgm. 

From  these  experiments  we  can  conclude  that  by  this  method 
cholesterol  may  be  recovered  quantitatively  even  from  fatty  mix- 
tures poor  in  cholesterol. 
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Determinations  on  different  tissues  were  made,  using  human 
liver  and  dog's  spleen. 

Ancdyns  of  human  liver  far  cholesterol.^^ 

Experiment  3.  3.77  grains  of  the  fatty  extract  of  human  liver  (tissue 
extracted  in  a  WOey  apparatus  by  means  of  hot  alcohol  and  hot  ether), 
divided  into  two  equal  parts  after  solution  in  hot  absolute  alcohol,  was 
analysed  for  cholesterol  by  the  above  method,  using  10  cc.  of  sodium 
alcoholate  for  saponification.  Recovered:  A,  0.103  gram;  B,  0.100  gram  of 
cholesterol. 

Expbbhient  4.  2.38  grams  of  fatty  extract  from  human  liver,  divided 
into  two  equal  parts,  was  analyzed,  using  for  saponification  40  cc.  of  sodium 
alcoholate.    Recovered:  A,  0.068  gram;  B,  0.0^  gram  of  cholesterol. 

Experiment  5.  In  order  to  see  whether  there  was  any  marked  difference 
in  duplicates  when  using  on  one  (A)  10  cc.  of  sodium  alcoholate  and  on  the 
other  (B)  40  cc.  of  sodium  alcoholate,  1.57  grams  of  the  alcohol-ether 
extracts  of  human  liver  were  divided  into  equal  parts  and  analyzed.  Recov- 
ered: A,  0.066  gram;  B,  0.069  gram  of  cholesterol. 

The  thorough  agreement  in  these  results  can  further  be  seen  when  they 
are  tabulated  to  show  the  percentage  of  cholesterol  in  the  three  different 
livers,  Experiments  3,  4  and  5,  on  the  basis  of  these  analyses.  The  figures 
express  percentages  of  dry  weight  of  liver  tissue. 

SspmimgrU  8 

A 

B 


BxperiffutU  4 

.95    A... 

1.93     A... 

1.90 

.90    B... 

1.93    B... 

1.96 

As  a  result  of  these  analyses  we  can  conclude  that  the  above 
method  is  applicable  to  the  quantitative  determination  of  choles- 
terol in  the  fats  of  the  liver  and  that  an  excess  of  sodium  alcoho- 
late may  be  used  to  insure  complete  saponification,  as  the  passage 
of  carbon  dioxide  prevents  the  detrimental  action  of  sodium  alcohol- 
ate later  in  the  process  and  does  not  affect  the  yield. 

Analyeis  of  dog  spleen  for  choUsierol, 

Experiment  6.  70  grams  of  dog  spleen,  moist  weight,  were  thoroughly 
ground  up  and  extracted  with  hot  alcohol  and  ether  in  a  Greene  extraction 
apparatus,^'  and  the  total  fats,  2.98  grams,  dissolved  in  250  cc.  of  hot  abso- 

^^  The  fats  for  these  analyses  (Experiments  3,  4  and  6)  were  obtained  from 
Mr.  E.  R.  Long,  to  whom  I  am  indebted  for  their  use  in  connection  with  thb 
work.  The  description  of  these  livers  and  complete  chemical  analyses  will 
be  published  by  him  at  a  later  period. 

"  Greene:  this  Journal,  vii,  p.  503,  1910. 
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iute  alcohol.  Two  100  cc.  portions  of  this  (A  and  B)  were  taken  for  gravi- 
metric analyses  for  cholesterol  and  50  cc.  for  the  determination  of  choles- 
terol by  Weston's  method.^* 

A.  This  sample  of  fat  was  saponified  by  means  of  10  cc.  of  5  per  cent  so- 
dium alcoholate  and  the  resultant  ether  extract  from  the  Soxhlet  apparatus 
was  cloudy  and  yellow.  On  shaking  out  the  ether  with  water  there  was 
found  to  be  present  a  large  amount  of  soap  which  frothed  and  also  prevented 
a  rapid  separation  of  the  ether  water  layers.  The  yield  was  also  higher  than 
in  the  following  experiment,  a  fact  which  may  be  accounted  for  by  the  diffi- 
culty in  thorough  separation.    Recovered:  0.177  gram  of  cholesterol. 

B.  Duplicate  of  A  but  saponified  by  means  of  40  cc.  of  5  per  cent  sodium 
alcoholate.  The  ether-water  separation  was  rapid  and  perfect,  absolutely 
no  frothing,  and  even  the  shaking  water  was  clear,  as  was  also  the  super- 
natant ether  layer.    Recovered:  0.162  gram  of  cholesterol. 

The  product  recovered  from  the  above  tissues  (liver  and  spleen) 
was  of  a  pale  yellow  color  and  was  composed  of  typical  crystals 
which  gave  the  ordinary  cholesterol  reactions. 

As  a  result  of  the  experiments  on  the  spleen  we  can  say  that  an 
excess  of  sodium  alcoholate,  when  using  this  method,  is  rather  an 
advantage  since  it  prevents  the  possibility  of  incomplete  saponi- 
fication and  soaps  are  less  liable  to  be  extracted  by  the  ether. 
Numerous  other  gravimetric  analyses  for  cholesterol  have  been 
carried  out  by  this  method,  but  mainly  on  cholest-erol-rich  mate- 
rials, and  the  method  has  proved  satisfactory  in  these  cases  also. 
On  the  basis  of  this  work  the  following  method  is  reconmiended 
for  the  quantitative  gravimetric  determination  of  total  choles- 
terol (cholesterol-like  compounds)  in  tissues. 

The  sample  of  tissue,  about  30  grams  or  more,  is  thoroughly 
extracted  by  means  of  hot  absolute  alcohol,  then  with  ether;  the 
extract  is  then  evaporated  to  dr3mess,  taken  up  in  about  200  cc. 
of  hot  absolute  alcohol,  divided  into  two  equal  parts  for  duplicates, 
evaporated  to  10  to  20  cc,  saponified  by  means  of  an  excess  of  5 
per  cent  sodium  alcoholate  (20  to  30  cc.  should  be  enough  for  the 
fats  from  15  grams  of  moist  tissue)  and  kept  on  the  water  bath 
for  about  fifteen  to  twenty  minutes  or  until  saponification  is  com- 
plete, and  then  kept  at  room  temperature  over  night.  This  may 
all  be  carried  out  in  a  large  Jena  glass  beaker  of  about  500  cc. 
capacity.  About  100  cc.  of  distilled  water  is  added  and  a  moder- 
ate stream  of  carbon  dioxide  passed  into  this  mixture  long  enough 

"Weston:  loc,  cit. 
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to  insure  complete  saturation  (three  to  five  hours).  The  mixture 
is  warmed  and  poured  into  a  large  evaporating  dish  and  20  to  30 
grams  of  ordinary  table  salt  added  and  the  entire  mixture  evapor- 
ated to  dr3me8s  on  the  water  bath,  with  occasional  stirring  (stirring 
is  only  necessary  toward  the  end  of  the  drying  process  to  prevent 
too  much  lumping  which  interferes  with  thorough  drying  and 
satisfactory  pulverizing).  The  dried  residue  is  now  pulverized 
in  a  mortar  and  put  into  an  extraction  thimble  and  dried  further 
for  an  hour  or  two  at  lOO^C.  in  a  drying  oven,  at  the  end  of  which 
time  it  is  allowed  to  cool  in  a  desiccator.  When  cool  it  is  ex- 
tracted in  a  Soxhlet  apparatus  by  means  of  anhydrous  ether  (dis- 
tilled over  sodium)  for  from  seven  to  nine  hours.  At  the  end  of 
this  time  the  ether  extract  is  transferred  to  a  large  separatory 
funnel,  500  cc.  or  1  liter  capacity,  diluted  to  about  100  cc.  with 
ordinary  ether  (C.P.)  and  shaken  out  with  three  changes  of  dis- 
tilled water  (200  to  500  cc.) ;  this  total  watery  extract  to  be  again 
shaken  out  with  another  portion  of  ordinary  ether  (C.P.),  about 
100  cc,  and  the  ether  washed  with  two  changes  of  distilled  water. 
The  total  ether  extracts,  which  contain  the  cholesterol  and  choles- 
terol-like substances  of  the  tissue,  are  now  evaporated  to  dr3mess, 
first  by  placing  under  an  electric  bulb  (16  C.P.)  and  finally  dried 
for  an  hour  or  two  at  lOO^C,  cooled  in  a  desiccator  and  weighed. 

Colorimetric  comparisons. 

Weston's  description  of  his  colorimetric  method  applies  only  to 
pure  cholesterol;  it  was  therefore  thought  desirable  to  make  a  few 
tests  with  the  available  material  from  tissue  extracts  to  see 
whether  the  colorimetric  method  would  agree  with  the  gravimetric 
method.  For  this  purpose  the  remaining  50  cc.  of  the  above  spleen 
fats  (Experiment  6)  were  divided  into  two  25  cc.  portions,  one  por- 
tion evaporated  to  dr3me8s  and  dissolved  in  chloroform  and  the  other 
saponified  by  means  of  2  cc.  of  5  per  cent  sodium  alcoholate,  treated 
with  carbon  dioxide,  evaporated  to  dr3mess,  extracted  with  chloro- 
form, filtered  and  diluted  to  a  known  volume.  These  chloroform 
solutions  were  then  compared  with  standards  made  with  pure 
cholesterol  as  directed  by  Weston.  The  0.1  mgm.  standard  solutions 
agreed  in  color  with  the  0.2  cc.  of  a  1 :100  dilution  of  the  fats  from 
the  spleen.    This  represents  a  total  of  0.5  gram  in  the  entire  250 
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cc.  of  absolute  alcohol  solution,  as  compared  to  about  0.4  gram 
obtained  by  the  gravimetric  method.  The  saponified  and  unsapon- 
ified  fats  agreed  exactly  in  color. 

Colorimetric  analyses  were  also  made  upon  the  fats  of  the  human 
livers  used  in  Experiments  3,  4  and  5,  with  the  following  results: 

The  0.15  mgm.  cholesterol  standard  agreed  in  color  with  0.1  cc. 
of  a  1:100  dilution  in  chloroform  of  the  fats  of  Experiment  3A, 
making  a  total  of  150  mgm.  of  cholesterol  colorimetrically  as  com- 
pared to  103  mgm.  found  gravimetrically. 

The  0.15  mgm.  cholesterol  standard  agreed  in  colorwith  0.05  cc. 
of  a  1 :100  dilution  in  chloroform  of  the  fats  of  Experiment  4  A, 
making  a  total  of  300  mgm.  of  cholesterol  colorimetrically  as  com- 
pared to  88  mgm.  found  gravimetrically.  The  0.1  mgm.  choles- 
terol standard  agreed  in  color  with  0.05  cc.  of  a  1:75  dilution  in 
chloroform  of  the  fats  of  Experiment  5A,  making  a  total  of  150 
mgm.  of  cholesterol  colorimetrically  as  compared  to  66  mgm. 
found  gravimetrically. 

These  colorimetric  anal3rses  of  the  fats  of  the  spleen  and  liver 
do  not  correspond  at  all  with  the  figures  obtained  by  the  gravi- 
metric method. 

SUMMARY. 

1.  The  error  occasioned  in  the  determination  of  cholesterol  by 
the  Hitter  method  by  the  use  of  an  excess  of  sodium  alcoholate  in 
saponifying  the  fats,  as  reported  in  a  previous  paper/^  has  been 
successfully  overcome  by  neutralizing  the  sodium  alcoholate  by 
means  of  carbon  dioxide  gas. 

2.  As  a  result  of  this  a  method  is  recommended  for  determining 
total  cholesterol  and  cholesterol-like  substances  in  tissues,  which 
is  accurate  within  milligrams,  as  determined  by  analysis  of  pure 
cholesterol,  cholesterol  in  olive  oil,  cholesterol  from  the  fats  of  the 
liver  and  from  the  fats  of  the  spleen. 


^*  Corper:  this  Journal,  id,  p.  37, 1912. 
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HYDANTOINS:  A  NEW  METHOD  FOR  THE  SYNTHESIS 
OP  PHENYLALANINE. 

THIRTEENTH  PAPER. 

By  treat  B.  JOHNSON  and  WILLIAM  B.  O'BRIEN. 
(Prom  the  Sheffield  Laboratory  of  Yale  University.) 

(Received  for  publication,  June  14,  1012.) 

Phenylalanine,  CeHjCHiCHCNHOCGGH,  has  been  synthesized 
by  several  different  methods.  Arranged  chronologicaUy,  they 
are  as  follows: 

Method  1.  By  the  action  of  ammonia  on  the  nitrile  of  a- 
hydroxy-i8-phenylpropionic  acid  and  then  hydrolysis  of  the  result- 
ing amino-nitrile.^ 

Method  2,    By  reduction  of  the  oxime  of  phenylpyruvic  acid.* 

Method  S.  Benzaldehyde  is  condensed  with  hippuric  acid 
when  the  lactimide  of  benzoylaminocinnamic  acid  is  formed. 
This  is  then  hydrolyzed  and  reduced  to  the  benzoyl  derivative  of 
phenylalanine  and  the  latter  converted  by  hydrolysis  into  the 
amino-acid.' 

Method  4'  By  heating  cinnamic  acid  or  its  esters  with  hydrox- 
ylamine.* 

Method  5.  The  benzyl  group  is  introduced  into  diethyl  phthali- 
midomalonate,  by  alkylation,  and  the  resultmg  phthalimido  deriva- 
tive then  converted  into  the  amino-acid  by  hydrolysis.* 

'Erienmeyer  and  Lipp:  Ann,  d,  Chem.  (Liebig),  ccix,  p.  194;  Ber,  d. 
detUseh.  chem.  OeseUsch.,  xv,  p.  1006. 

s  Erlemneyer:  Ann.  d.  Chem.  (Liebig),  cclxxi,  p.  169;  Knoop  and  Hoessli: 
Ber.  d.  detUseh.  chem.  Oesellech.f  xxxix,  p.  1477. 

'PkWshl:  Ber.  d.  detUech.  chem.  Geaellsch.f  xvi,  p.  2815;  xvii,  p.  1623; 
Erlenmeyer:  Ann.  d.  Chem.  (Liebig),  cclxxv,  pp.  3,  18. 

*  Posner:  Ber.  d.  deuUch.  chem.  Gesellsch.,  xxxvi,  p.  4312. 

•  SGrensen:  Zeitschr.  f.  phyniol.  Chem.^  xliv,  p.  448. 
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Method  6.  From  brombenzylmalonic  acid.  This  is  converted 
into  the  monobasic  acid  by  heating  and  the  latter  then  heated 
with  ammonia.* 

Method  7.  Prom  benzalhydantoin,  which  is  obtained  by  con- 
densation of  benzaldehyde  with  hydantoin.  This  hydantoin  is 
then  converted  into  the  hydantoin  of  phenylalanine,  by  reduction, 
and  the  amino-acid  then  obtained  by  hydrolysis  with  barium 
hydroxide.^ 

The  various  changes  involved  in  these  seven  different  methods 
of  synthesis  are  represented  by  the  formulas  given  on  the  follow- 
ing page. 

Of  these  different  methods  of  preparation,  method  7  is  undoubt- 
edly the  most  practical  when  hydantoin  is  available.  It  requires 
only  three  operations  ( two  if  hydriodic  acid  is  used  as  a  reducing 
agent),  and  the  yield  of  amino-acid  is  excellent.  The  only  draw- 
back is  the  cost  of  the  hydantoin.  While  the  preparation  of 
this  reagent  is  not  difficult,  nevertheless  its  synthesis  involves 
the  preparation  of  glycocoll  or  its  ethyl  ester  and  also  the  use  of 
potassium  cyanate,  which  is  an  unstable  salt  and  oftentimes  is 
not  available  in  large  quantity  because  of  its  cost.  In  this  paper 
we  shall  describe  a  method  for  the  synthesis  of  phenylalanine, 
which  does  not  require  the  use  of  hydantoin  and  hydriodic  acid. 
We  use  potassium  thiocyanate,  instead  of  potassium  cyanate", 
and  tin  and  hydrochloric  add  as  the  reducing  agent. 

In  a  previous  paper  from  this  laboratory,*  it  has  been  shown 
that  2-thio-3-benzoylhydantoin  (II)  is  formed  smoothly  by  the 
action  of  potassium  thiocyanate  on  hippuric  acid  (I).  We  now 
find  that  this  hydantoin  condenses  with  benzaldehyde  forming 
practically  a  quantitative  yield  of  the  corresponding  benzalhy- 
dantoin  (III).  When  this  acyl  hydantoin  (III)  is  warmed  with 
hydrochloric  acid  the  benzoyl  group  is  removed  and  the  same 
benzalthiohydantoin  (VI)  is  formed  as  is  obtained  by  condensing 
benzaldehyde   with   2-thiohydantom^*  (VII).    The    isomeric    1- 

*  Fischer:  Ber,  d,  detUsch.  chem.  GeBelUch.,  xxxvii,  p.  3064. 
^  Wheeler  and  Hoffman:  Amer.  Chem.  Journ,,  xlv,  p.  368. 

*  Potassiiun  cyanate  is  about  nine  times  as  expensive  as  potassium  thio- 
cyanate (Kahibaum's  quotations). 

*  Johnson  and  Nicolet:  Joum,  Amer.  Cher'  See,,  xxxiii,  p.  1973. 

^"  Wheeler,  Nicolet  and  Johnson:  Amer,  Chem.  ^oum.,  xlvi,  p.  456;  John- 
son and  Nicolet,  loc.  cit. 
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2o8  Synthesis  of  Phenylalanine 

benzoyl-2-thio-4-benzalhydantoin  has  also  been  prepared."  The 
thiohydantoin  (VI)  is  desulphurized  by  digestion  with  chloracetic 
acid,  in  aqueous  solution,  givmg  the  corresponding  hydantoin 
(V),  and  is  also  transformed  quantitatively,  by  reduction  with 
sodium  amalgam,  into  the  thiohydantoin  of  phenylalanine  (IX). 
This  thiohydantoin  (IX)  is  likewise  easily  desulphurized  by  means 
of  chloracetic  acid,  and,  by  hydrolysis  with  boiling  barium  hydrox- 
ide solution,  is  transformed  quantitatively  into  phenylalanine 
(X).  Using  sodium  amalgam  as  the  reducing  agent,  this  synthesis 
therefore  requires  five  operations  as  follows: 

Hippurio  acid ►  3-bensoyl-2-thiohydantoin ►  3-bensoyl-2-thio- 

4-bensaUiydantoin ►  2-thio-4-bensaUiydantoin ►  2-thio-4-ben- 

lylhydantoin ►  phenylalanine. 

We  have  now  made  the  interesting  observation  that  it  is  not 
necessary  to  isolate  3-benzoyl-2-thio-4-benzalhydantoin  (III) 
or  2-thio-4-benzylhydantoin  (IX).  The  condensation  product 
(III)  is  at  once  converted  into  benzalthiohydantoin  (VI)  and 
the  latter  is  then  reduced  with  tin  and  hydrochloric  acid.  In 
this  manner  the  double  bond  is  not  only  reduced  smoothly,  but 
the  hydantoin  ring  is  also  destroyed  and  phenylalanine  is  formed 
quantitatively  in  one  operation.  Therefore  by  using  tin  and 
hydrochloric  acid  as  the  reducing  agent  our  synthesis  requires 
only  three  operations  and  potassium  thiocyanate  can  be  used  in 
place  of  potassium  cyanate.  The  starting  point  in  our  new 
synthesis  and  in  Erlenmeyer's  (method  3)  is  hippuric  acid,  but 
the  latter  condenses  the  acid  directly  with  the  aldehyde,  while 
we  first  transform  the  acid  into  the  thiohydantoin  (II)  and  then 
apply  an  aldehyde  condensation.  Erlenmeyer's  synthesis  involves 
four  operations  while  ours  requires  only  three  as  follows: 

Hippuric  acid ►  bensoylthiohydantoin ►  bensalthiohydan- 

fS) 

torn ►  phenylalanine. 

Erlenmeyer'8  Synthesis, 
Hippuric  acid  ►  lactimide  of  benzoylaminocinnamic  acid ► 

(3)  (4) 

benzoylaminocinnamic  acid  ^  benxoylphenylalanine  >  phenyl- 
alanine. 

"  Wheeler,  Johnson  and  Nicolet :  loc,  cit. 

Digitized  byVjOOQlC 


Treat  B.  Johnson  and  William  B.  O'Brien      209 

If  hippuric  acid  is  not  available  glycocoll  can  be  converted 
smoothly  into  2-thiohydantom  by  the  action  of  potassium  thio- 
cyanate"  and  the  benzalthiohydantoin  prepared  by  condensation 
with  benzaldehyde.  These  various  transformations  are  repre- 
sented by  the  following  structural  formulas: 

C.H.CONH .  CH, .  COOH 

/   I 


NH— CO 

I 

cs 

I 

CACON CH, 

II 


/ 


NH— CO 

I 
CS 

I 

CeHiCON C :  CHCeH* 

/   III 


/ 


NH— CO 

I 
CO 

I 

NH— CH, 
IV 


NH— CO 

I 


CO 

I 

NH— C:CHC,H» 

/V 
/ 
NH— CO 

I 
CO 


NH— CO 

I 
CS 


NH— C-CHCeH* 

NH— -co 

I 
CS 


NH— CO 

I 
CS 

I 

NH— CH, 
VII 


NH— CHCH,C.H, 


VIII  N 


s. 


NH— CHCH,C,H. 


C,HiCH,CH(N  H,)COOH 
X 

We  shall  continue  our  investigations  on  thiohydantoins. 


BXPEBIMENTAL  PART. 


The  3-benzoyl-2-thiohydantoin  used  in  this  work  was  made, 
accordmg  to  the  directions  of  Johnson  and  Nicolet,  by  the  action 
of  potassium  thiocyanate  on  hippuric  acid.^ 


"  Johnson  and  Nicolet:  loc,  cU. 
"  Loc.  cit. 
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CandensaUon  of  BemaJdehyde  with  S'Benzoylri4hiohydantoin. 

Four  grams  of  the  thiohydantoin,  5.6  grams  of  benzaldehyde 
and  8  grams  of  fused  sodium  acetate  were  dissolved  in  16  cc.  of 
glacial  acetic  acid  and  the  solution  heated  to  boiling,  in  an  oil 
bath,  for  three  hours.  The  solution  was  then  cooled  and  diluted 
copiously  with  water  when  a  yellow  solid  separated,  which  was 
very  insoluble  in  water  and  alcohol.  This  was  soluble  in  warm, 
dilute  sodium  hydroxide  solution  and  on  cooling,  yellow  prismatic 
crystals  separated.  These  were  purified  by  crystallization  from 
water.  Whien  heated  in  a  capillary  tube  the  substance  shriveled 
at  85^  and  at  88-^9^  decompcMsed  with  slight  effervescence  forming 
an  oil.  On  continued  heating  this  oil  partially  solidified  at  115- 
120''  and  then  did  not  mdt  when  heated  to  260"".  It  contained 
sodium  and  a  nitrogen  determination  agreed  with  the  calculated 
value  for  the 

Sodium  Salt  of  BerusoylbenzaUhiohydantoic  Add. 

NH,     COONa 

I 
CS 

I 
CACO  •  N C :  CHC  A 

Caloalatad  for 
CirHtfOaNsSNa:  Found: 

N 8.04  8.22 

When  hydrochloric  acid  was  added  to  an  aqueous  solution  of 
this  sodium  salt  the  benzoyl  group  was  split  off  as  benzoic  acid 
and  2-thio^benzalthiohydantoin^^  was  formed.  It  cr3rstallized 
from  alcohol  in  prisms  melting  at  258^.  From  4  grams  of  the 
benzoylthiohydantoin  we  obtained  3.5  grams  of  this  benzalhy- 
dantoin  or  94  per  cent  of  the  theoretical  3deld. 


Analysis  (Kjeldahl): 
N 13.72  13.75 


CafeulAted  for 
GioHiONiS:  Foond: 


^*  Johnson  and  Nicolet:  loc.  cit. 
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DesuljAvrizaiion  of  B-Thuhi-benzalhydariUnn. 

This  hydantoin  was  converted  quantitatively  into  4-ben2ai- 
hydantoin"  by  digestion  with  a  20  per  cent  aqueous  solution  of 
chloracetic  acid.  The  hydantoin  ciystallized  from  alcohol  in 
needles  which  melted  at  220^ 

NH— CO 

I 

cs 

I 

CHjCO  N CH  CH,C.H» 

Two  grams  of  phenylalanine  and  1.5  grams  of  anhydrous  potas- 
sium thiocyanate  were  dissolved  in  a  mixture  of  8  cc.  of  acetic 
anhydride  and  1  cc.  of  glacial  acetic  acid  and  the  solution  warmed 
on  the  steam  bath  for  thirty  minutes.  A  yellow  solution  was 
obtained,  which  was  diluted  with  about  five  volumes  of  water. 
This  hydantoin  separated  as  an  oil,  which  soon  crystallized  in  the 
form  of  plates.  It  was  purified  by  crystallization  from  alcohol 
and  melted  at  257^.    The  yield  was  quantitative. 

Akaltsib  (Kjeldahl): 

GUonktad  for 
CttHiiOiNiS:  Found: 

N 11.47  11.36 

t'Thi(h4-^)€nzylhydanU)in, 

NH— CO 

I 
CS 

I 

NH— CHCH,C.H» 

This  hydantoin  was  obtained  by  hydrolysis  of  the  preceding 
acetyl  thiohydantoin  with  hydrochloric  acid.  It  was  purified  by 
crystallization  from  dilute  alcohol  and  separated  in  needles,  which 
melted  at  IBS'". 

^  Wheeler  and  Hoffman:  Amer,  Chem.  Jaum.,  xlv,  p.  871. 

TBM  JOUBITAL  Of  BXOLOOIOAL  OnDOaniT,  TOL.  XH.  WO.  8.  C^  r\r\ri\i> 
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Analtsib  (Kjeldahi): 

CaloalAted  for  Found: 

CieHuONiS:  I  n 

N 13.59  13.62    13.40 

This  same  hydantoin  is  also  formed  smoothly  by  reduction  of 
Z-thio^benzalhydantoin  vith  sodium  amalgam. 

Desvlphurization  of  2'Thio^i4)enzylhyd4iriUrin. 

This  hydantoin  was  converted  quantitatively  into  the  hydantoin 
of  phenylalanine  by  digesting  this  for  one  hour  with  a  25  per  cent 
solution  of  chloracetic  acid.  It  crystallissed  from  water  in  prisms, 
which  melted  at  190^  to  a  clear  oil. 

The  Formation  of  Phenylalanine  by  Reduction  of  B-Thichi-iemal'- 
hydantoin  with  Tin  and  Hydrochloric  acid. 

Eight  and  five-tenths  grams  of  2-thio^benzalhydantoin  and 
10  grams  of  tin  were  suspended  in  dilute  alcohol  and  hydrochloric 
acid  gas  passed  into  the  alcohol  (warm)  until  all  the  tin  and  hydan- 
toin dissolved.  After  allowing  to  stand  for  from  eight  to  ten 
hours  the  clear  solution  was  then  evaporated  to  dryness  and  the 
residue  dissolved  in  water.  The  tin  was  removed  completely  by  pre- 
cipitation as  sulphide  and  the  filtrate  again  concentrated  to  a 
small  volume  and  the  hydrochloric  acid  neutralized  by  addition 
of  ammonia.  Pure,  colorless  phenylalanine  separated  and  melted 
at  260-262**.    The  yield  was  nearly  quantitative. 

Analysis  (Kjeldahi): 

CBloulated  for 
GiHuOtN:  Foand: 

N 8.60  8.S0 

2'Thio-4-<^ni8alhydantoin. 

NH— CO 

I 
C8 

I 
NH— C:CHCJl40CH, 

Six  and  five-tenths  grams  of  3-benzoyl-2-thiohydantoin,  11 
grams  of  anhydrous  sodium  acetate  and  4  grams  of  anisic  aldehyde 
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were  dissolved  in  22  cc.  of  glacial  acetic  acid  and  the  solution 
heated  in  an  oil  bath  at  150^  for  two  hours.  The  condensation 
product  separated  on  cooling.  After  trituration  with  an  excess 
of  water  the  crude  hydantoin  was  separated  by  filtration.  This 
was  dissolved  in  alkali  and  the  warm  solution  acidified  with 
hydrochloric  acid  when  the  above  hydantoin  separated.  It  was 
purified  by  crystallization  from  50  per  cent  alcohol  and  melted 
at  257**  to  a  black  oil  with  decomposition. 

Analysis  (Kjeldahl): 

Calculated  for 
CiiHiaOtNtS:  Found: 

N 11.91  12.0 

2'Thio-4-^J>er(malhydafUoin. 

NH— CO 

I 

cs 

I 

NH— C:CHC(jH,0,  CH, 

From  piperonal  and  2-thio-3-benzoylhydantoin.  It  is  very 
insoluble  in  alcohol,  water  and  glacial  acetic  acid  and  decomposes 
when  heated  above  285^  giving  a  dark  oil.  The  hydantoin  dis- 
solves in  concentrated  sulphuric  acid  giving  a  deep  purple  solution. 

Analysis  (Kjeldahl); 

Calculated  for 
CiiHiOaNtS:  Found: 

N 11.2  11.06 
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Bt  ARTHUR  I.  KENDALL  and  CHESTER  J.  FARMER. 

(From  the  Laboratories  of  Bioloffical  Chemiatry  and  Preventive  Medicine 
and  Hyoiene^  Harvard  Medical  School.) 

(Received  for  publication,  June  15,  1912.) 

This  work  is  a  direct  continuation  of  that  described  in  previous 
communications.^  In  this  series  of  experiments  the  sparing  action 
of  carbohydrate  for  protein  is  again  quantitatively  brought  out. 
B.  prateua  and  B.  colt  are  the  only  organisms  of  those  described  here 
which  have  been  previously  investigated  by  us.  The  analytical 
results  with  these  two  strains  bear  out  those  obtained  with  the 
strains  reported  in  the  first  and  second  papers  of  these  studies. 

B.  mesentericusj  a  and  b,  are  respectively  two  strains  of  the 
same  organism.  One  of  them  was  obtained  from  milk,  the  other 
was  isolated  from  the  feces  of  a  young  baby  which  had  been  fed 
upon  this  milk.  Culturally  the  tsjfo  strains  are  identical;  chemi- 
cally their  proteolytic  and  fermentative  powers  are  also  practically 
identical  as  may  be  seen  from  an  inspection  of  the  table.  Both 
of  these  organisms  broke  down  about  25  per  cent  of  the  total 
protein  nitrogen  of  the  medium  in  which  they  were  grown  to 
ammonia  in  the  sugar-free  broth  in  seven  days;  while  in  the  cor- 
responding sugar  broth,  only  1.5  per  cent  of  the  total  protein  was 
broken  down  to  ammonia  in  seven  days.  That  is  to  say,  more 
than  sixteen  times  as  much  protein  was  broken  down  to  ammonia 
in  the  sugar-free  broth  as  was  the  case  in  the  dextrose  broth  in 
the  same  length  of  time. 

The  growth  curve  of  the  diphtheria  bacillus,  shown  by  the 
rate  and  amount  of  ammonia  formation  in  the  sugar-containing 
and  sugar-free  broth,  is  quantitatively  like  that  of  the  typhoid 

>  This  Journal:  xii,  pp.  13,  19,  1912. 
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and  dysentery  bacilli,  and  needs  no  further  comment.  It  will 
be  remembered  that  in  sugar-free  broth  the  diphtheria  bacillus 
produces  a  strong  extracellular  toxin,  while  in  broth  containing 
utilizable  sugar  there  is  little  or  no  toxin  formed;  the  slight  excess 
of  ammonia  formed  in  the  sugar-free  broth  becomes  significant 
when  interpreted  in  the  light  of  this  remarkable  difference  in 
toxicity  between  purely  protein  broth  and  broth  containing  both 
protein  and  sugar  which  can  be  fermented  by  the  diphtheria 
bacillus. 

Micrococcus  aureus  {Staphylococcus  pyogenes  aureus)  brings  out 
a  new  factor  in  bacterial  metabolism.  It  will  be  seen  that  this 
organism  brings  out  a  progressive  acidity  even  in  sugar-free  broth. 
The  bacteria  described  previously  in  this  series  of  studies  pro- 
gressively form  alkali  in  this  medium,  with  the  single  exception 
of  the  Shiga  bacillus.  We  believe  that  this  acidity  is  due  to  the 
fermentation  of  the  carbohydrate  radical  of  the  protein  molecule 
(Witte's  peptone)  by  this  organism.  Micrococcus  aureus.  Pick 
has  shown  that  that  fraction  of  Witte's  peptone  which  may  be 
salted  out  between  66  and  100  per  cent  saturation  with  ammonium 
sulphate  contains  a  relatively  large  amount  of  a  substance  react- 
ing chemically  like  a  true  carbohydrate.  It  would  appear  likely 
that  the  Micrococcus  aureus  acts  selectively  upon  this  carbohydrate 
fraction  of  the  peptone  molecule.  This  acid  reaction  produced 
in  the  so-called  "sugar-free"  broth  increases  progressively  to 
the  sixth  day  of  growth.  During  this  time  the  ammonia  produc- 
tion increases  very  slowly;  hardly  more  is  produced  than  in  the 
broth  containing  sugar,  in  fact.  On  the  eighth  day  the  reaction 
in  the  sugar-free  broth  becomes  strongly  alkaline,  and  this  alka- 
line reaction  increases  in  intensity  to  the  end  of  the  experiment. 
This  abrupt  change  in  reaction  from  acidity  to  alkalinity,  to- 
gether with  the  sudden  increase  in  ammonia  formation,  can  be 
explained  satisfactorily  on  the  assumption  that  the  carbohydrate 
radical  of  the  protem  is  practically  exhausted  on  the  sixth  day, 
and  that  this  exhaustion  of  the  carbohydrate  leaves  the  organism 
free  to  attack  the  protein  both  for  structural  and  fuel  purposes. 

This  result,  therefore,  perplexing  as  it  seemed  at  first,  appears 
in  reality  to  furnish  an  unexpected  confirmation  of  the  theory 
that  carbohydrate  which  is  utilizable  protects  protein  from  bac- 
terial attack  to  a  considerable  degree. 
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TABLE  1. 

Broth  D. 

OATB 
1 

3 

6 

8 

10 

8:5 

HI 

11.90 

11.90 
12.95 
13.30 
13. G5 
16.80 

PLAIN  BKOTB 

DBXTROBE  BBOTH 

1 

:. 

^ 

li 

n|s 

11.90 

11.90 
12.60 
12.95 
11.90 
13.30 

1 

Z 

8S 

II 

Control 

ptr  cent 
5.30 

5.30 
6.80 
5.94 
6.10 
7.50 

+  0.50 

0.00 
0.00 
0.00 

-  0.25 

-  0.75 

per  ctnt 
5.30 

5.30 
5.61 
5.80 
5.30 
5.94 

+  0.76 

B.  diphtheriae. 

+  0.76 
+  1.25 
+  1.76 
+  1.76 
+  1.75 

Micrococcus 
aureus 

1 
3 
6 
8 
10 

12.60 
15.40 
17.85 
27.30 
30.80 

5.61 

6.90 

7.96 

12.20 

17.00 

0.00 
+  0.50 
+  0.76 

-  1.00 

-  1.75 

12.25 
14.00 
14.00 
12.95 
14.35 

5.46 
6.25 
6.25 
5.80 
6.40 

+  1.76 
+  2.75 
+  2.76 
+  2.76 
+  2.50 

Streptococcus 
pyogenes  — 

1 
3 
6 
8 
10 

12.25 
12.25 
13.30 
12.95 
14.00 

5.46 
6.46 
6.94 
6.80 
6.25 

0.00 
+  0.25 
+  0.25 
+  0.25 
+  0.25 

11.55 
12.25 
12.25 
11.90 
12.60 

5.16 
5.46 
6.46 
5.30 
5.61 

+  3.00 
+  4.50 
+  5.25 
+  5.50 
+  5.60 

B.  coli 

1 
3 
6 
8 
10 

17.85 
19.95 
25.20 
25.90 
29.40 

7.96 

8.90 

11.25 

11.55 

13.10 

0.00 
0.00 
0.00 

-  0.50 

-  0.76 

11.55 
12.60 
12.60 
11.90 
13.30 

5.16 
5.61 
5.61 
5.30 
5.94 

+  1.75 
+  2.50 
+  2.75 
+  2.50 
+  2.75 

B.  proteus  2. ..  < 

I 

7 

15.40 
30.10 
41.30 
61.60 

6.90 
13.85 
18.40 
27.50 

0.00 

-  0.60 

-  0.75 

-  1.50 

12.60 
13.30 
13.30 
16.05 

5.61 
5.94 
5.94 
6.70 

+  2.25 
+  2.25 
+  2.25 
+  2.25 

B.  mesenteri- 
cus  b 

1 
3 
5 
7 

30.10 
63.00 
73.50 
67.20 

13.85 
28.10 
32.80 
30.00 

0.00 

-  2.25 

-  2.75 

-  2.75 

11.55 
11.90 
13.30 
15.40 

6.16 
5.30 
5.94 
6.90 

+  1.25 
+  1.76 
+  1.75 
+  2.00 

B.  mesenteri- 
cus,  a 

1 
1 
3 

^      5 

7 

22.60 
68.60 
72.10 
67.20 

11 
30 
32 
30 

.85 
.60 
.20 
.00 

0.00 

-  2.50 

-  2.75 

-  2.75 

11.90 
13.65 
14.00 
1605 

5.30 
6.10 
6.25 
6.70 
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+  1.76 
+  1.75 
+  1.75 
+  2.00 
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2i8  Studies  in  Bacterial  Metabolism 

This  brings  to  light  a  previously  unobserved  feature  of  bac- 
terial metabolism,  namely,  the  ability  of  certain  bacteria  to  appro- 
priate certain  definite  constituents  of  the  protein  molecule,  leaving 
the  remainder  but  little  acted  upon,  at  least,  until  the  more  desir- 
able portion  is  largely  exhausted. 

Micrococcus  awreiu,  the  Shiga  bacillus  and  Streptococcus  pyogenes 
appear  to  have  a  specific  affinity  for  the  carbohydrate  radical 
of  the  protein  molecule  (Witte's  peptone)  in  the  absence  of  dex- 
trose or  of  other  utilizable  sugar  not  forming  an  integral  part  of 
the  protein  molecule. 
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STUDIES  IN  BACTERIAL  METABOLISM.    IV. 

Bt   ARTHUR    I.    KENDALL,    CHESTER    J.    FARMER,    EDWARD 
P.   BAGG,   JR.    AND  ALEXANDER  A.   DAY. 

(From  the  Laboratories  of  Biologieal  Chemiatry  and  Preventive  Medicine 
and  Hygiene,  Harvard  Medical  School.) 

(Received  for  publication,  June  16,  1912.) 

In  the  third  paper  of  our  series  of  studies  on  bacterial  metab- 
olism,* attention  was  specifically  directed  to  the  fact  that  Micro- 
coccus  aureus,  B.  dyserUeriae  (variety  Shiga)  and  Streptococcus 
pyogenes  produced  acid  in  so-called  sugar-free  media,  while  the 
other  organisms  hitherto  investigated  produced  alkali  in  this 
medium.  In  that  communication  we  outlined  what  appeared  to 
be  the  most  logical  explanation  of  this  phenomenon,  namely,  that 
these  bacteria,  or  at  least  the  strains  of  them  available  at  that 
time,  actually  exerted  a  selective  action  upon  that  portion  of 
Witte's  peptone  (an  important  constituent  of  the  media  used  for 
this  purpose)  which  Pick  has  shown  to  contain  a  carbohydrate 
radical.  This  observation  is  a  new  one,  and  throws  additional 
light  upon  bacterial  metabolism  and  the  way  in  which  certain 
micro-organisms  can  actually  utilize  the  carbohydrate  radical  of 
protein,  for  it  will  be  remembered  that  Witte's  peptone  is  made 
from  fibrin.  In  order  to  demonstrate  that  this  is  a  general  feature 
of  organisms  of  this  particular  type,  we  have  isolated  a  series  of 
cultures  including  streptococci  from  scarlet  fever,  from  the  vagina, 
from  septicemia  and  from  cellulitis,  the  pneumococcus  and  a 
new  strain  of  Mie.  aureus.  These  coccal  forms  have  been  studied 
with  this  particular  object  in  view.  In  addition  to  the  study  of 
reaction  and  ammonia  production  in  sugar-free  broth,  we  have 
followed  the  change  in  reaction  and  rate  of  ammonia  formation 
in  dextrose  broth  as  well.  The  rate  of  fermentation  of  dextrose 
in  dextrose  broth  has  also  been  followed  as  an  additional  check 
upon  our  results. 

>  This  Journal;  zii,  p.  216,  1912. 
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The  tables  show  that  all  of  the  streptococci  studied,  except 
34,  which  scarcely  grew  in  the  medium  free  from  dextrose,  pro- 
duced at  least  some  acid  in  the  sugar-free  medium.    The  increase 


TABLE  1. 
Broth  F. 


Control . 


PneumococcuB  < 


Streptococcus 
23 


Streptococcus 
2 


Streptococcus 
B 


Streptococcus 


34. 


Micrococcus 
Aureus 


1 
3 
6 
8 

1 
3 
6 
8 

1 
3 
7 
9 

1 
3 

7 
9 

1 
3 
7 
9 


PLAIN  BROTH 


32.90 

32.25 
34.85 
47.60 

32.90 
32.55 
36.05 
37.80 

32.20 
36.75 
42.00 
40.60 

31.85 
32.90 
36.05 
38.85 

32.90 
35.00 
42.70 
52.50 


16.65 
15.35 
16.60 
22.65 

15.65 
15.50 
17.15 
18.00 

15.30 
17.50 
20.00 
19.35 

15.15 
15.65 
17.15 
18.50 

15.65 
16.65 
20.30 
25.00 


+0.00 
-1-0.75 
+0.25 
+0.50 

+0.75 
+0.50 
+0.75 
+0.75 

+0.25 
+0.25 
+0.50 
+0.25 

"fcO.OO 
+0.25 

0.00 

0. 


DBZTBOSB  BROTH 


32.90  15.65 

31.50  15.00 

31.85  15.15 

33.60  16.00 


+0.7J 
+0. 
*0. 
-0.251 


31.50 
32.55 
33.60 
35.70 

32.20 
34.85 
36.40 
37.10 

30.80 
31.50 
32.90 
33.60 

31.50 
32.20 
34.30 
36.05 


15.00 
15.50 
16.00 
17.00 

15.30 
16.60 
17.30 
17.65 

14.65 
15.00 
15.65 
16.00 

15.00 
15.30 
16.30 
17.15 


+4.50  23.30 
+5.25  41.00 


+5.25 


+5.75  52.00 


+5.00 
+7.75 
+8.75 
+9.25 

+4.00 
+6.50 
+8.75 
+8.75 

+1.75 
+2.25 
+2.25 
+2.00 

+5.25 
+7.50 
+8.25 
+9.00 

+3.00 
+4.25 
+4.25 

+4.75 


33.50 


23.30 
50.70 
67.80 
76.80 

28.80 
55.50 
63.00 
66.50 

23.30 
28.80 
43.80 
47.30 

45.20 
61.70 
72.00 
73.30 

23.30 
45.20 
56.10 
60.20 
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in  acidity,  although  slight  in  some  strains,  was  perfectly  definite, 
and  agrees  essentially  with  the  observation  made  upon  the  strepto- 
coccus mentioned  in  our  previous  communication.* 

Mic.  aureus  shows  correspondingly  a  greater  acidity  in  plain 
broth,  followed  by  a  decided  alkalinity,  again  confirming  our 
previous  observations  with  this  organism. 

The  very  unusual  amount  of  acid  developed  by  Streptococcus 
34  and  23,  amounting  to  9  cc.  of  normal  acid  per  100  cc.  of  media, 
is  noteworthy.  Both  of  these  organisms  break  down  about 
75  per  cent  of  the  dextrose  originally  present  in  the  medium  in 
nine  days. 

The  sparing  action  of  dextrose,  although  very  slight  (due  to 
the  presence  of  a  carbohydrate  radical  in  the  peptone  used  in 
the  sugar-free  medium,  which  protects  the  remainder  of  the  pro- 
tein from  bacterial  attack),  is  nevertheless  distinct.  The  growth 
curve  of  the  streptococci  is  very  similar  to  that  of  the  other  patho- 
genic organisms  discussed  previously.  The  negative  ammonia 
phase,  mentioned  in  our  first  studies,  is  also  clearly  shown, par- 
ticularly during  the  first  days  of  growth. 


*  Loc.  cit. 
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ON  THE  INFLUENCE  OF  6LUTARIC  ACID  ON 
PHLORmzm  GLYCOSURIA. 

Bt.  a.  I.  RINGER. 

{From  the  Department  of  Phynological  ChemiBtry  of  the  University  of 
Pennsylvania,) 

(Received  for  publication,  June  19, 1912.) 

In  a  series  of  experiments  by  Baer  and  Blum^  the  authors  pre- 
sent evidence  to  the  effect  that  the  subcutaneous  injection  of  glu- 
taric  acid  has  the  power  of  greatly  reducing  the  amount  of  sugar 
and  nitrogen  in  the  urine,  and  also  to  greatly  diminish  or  cause 
the  entire  disappearance  of  the  acetone  and  j3-oxybutyricacid 
from  the  urine  in  phlorhizin  glycosuria.  In  their  experiment  XIII, 
on  giving  7  grams  of  glutaric  acid,  the  nitrogen  was  reduced  from 
6.6  grams  to  2.7  grams,  the  sugar  from  19.5  to  2.5  grams,  the  ace- 
tone from  0.5299  to  0.0118  gram,  the  j3-oxybutyric  acid  from  1.948 
grams  to  zero.  In  experiment  XV,  the  nitrogen  was  reduced  from 
8.51  to  0.49  gram  in  twenty-four  hours,  the  sugar  from  20.5  to  1.0 
gram,  acetone  from  0.4312  to  0.1176  gram,  and  /9-oxybutyric  acid 
from  4.316  grams  to  0.074  gram. 

The  authors  also  make  the  observation  '' je  st&rker  die  Zucker- 
ausscheidung  und  je  schwerer  die  StofFwechselstdrung,  die  sich  in 
Acidose  kundgibt,  um  so  ausgesprochener  die  Wirkung  der  Sfiure 
ist.  Bei  starker  Acidose  und  hoher  Zuckerausscheidung  nach 
grofisen  Phlorhizindosen  volliger  Schwund  des  Zuckers  und  der 
Oxybutters&ure  bei  starkem  Absinken  der  Stickstoffausscheidung.'' 

The  authors  further  express  the  belief  that  the  glutaric  acid 
has  the  power  of  preventing  the  formation  of  sugar,  and  conse- 
quently its  elimination,  by  preventing  the  conversion  of  non- 
carbohydrate  bodies  into  glucose.    Since  they  state   (p.  100), 

1  Baer  and  Blum:  Bettr.  r.  ehm.  Physiol,  u.  Path,,  x,  p.  80, 1907. 
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"  Fiir  eine  Zuckerbildung  aus  Fett  im  tierischen  Organismus  liegen 
tiberzeugende  Tatsachen  zurzeit  nicht  vor/'  it  is  evident  that 
they  believe  that  the  glutaric  acid  prevents  the  conversion  of 
amino-acids  into  glucose. 

With  the  above  experiments  as  a  foundation,  the  authors  per- 
formed many  others  which  were  published  in  subsequent  papers* 
in  which  they  draw  far  reaching  conclusions  with  regard  to  the 
metabolism  of  substances  chemically  related  to  glutaric  acid. 

Baer  and  Blum  used  animals  that  had  been  phlorhizinized  by 
single  injections  of  phlorhizin  per  day.  In  the  experiments  cited 
above,  1.5  grams  of  phlorhizin  were  injected  per  day.  On  differ- 
ent occasions,  Lusk  and  his  pupils'  have  shown  how  little  relia- 
bility can  be  placed  in  experiments  on  phlorhizinized  dogs  which 
are  not  completely  under  the  influence  of  the  drug.  The  truth  of 
this  is  shown  very  plainly  in  the  experiments  of  Baer  and  Blum, 
in  which  they  failed  to  get  any  increase  in  the  sugar  elimination 
after  feeding  glycocoll,  alanine,  lactic  acid  and  glutamic  acid,  all 
substances  which  have  been  shown  beyond  any  doubt  to  be  con- 
verted into  glucose.* 

With  this  in  mind,  and  at  Professor  Lusk's  kind  suggestion, 
experiments  were  undertaken  to  study  the  influence  of  glutaric 
acid  on  completely  phlorhizinized  animals. 

Methods:  The  animals  were  allowed  to  fast  for  two  days  prior 
to  the  commencement  of  and  throughout  the  experiment.  The 
animals  were  kept  in  suitable  metabolism  cages.  The  luine  was 
separated  in  twelve  or  twenty-four-hour  periods  (as  indicated  in 
the  tables)  by  catheterization.  Merck's  phlorhizin  was  used  and 
was  administered  in  2  gram  doses,  three  times  a  day,  dissolved  in 
25  cc.  of  1.5  per  cent  NasCOa  solution.  The  glutaric  acid  was  pre- 
pared by  Kahlbaum.  The  nitrogen  was  determined  by  the  Kjel- 
dahl-Gunning  method,  sugar  by  Allihn,  ammonia  by  Folin,  ace- 
tone by  Huppert-Messinger,  /3-oxybutyric  acid  by  Magnus-Levy 
and  total  acidity  by  Folin's  method. 

'  Baer  and  Blum:  Beitr,  z,  chem.  Physiol,  u.  Path,^  id,  p.  102, 1908;  Arch. 
/.  exp.  Path.  u.  Pharm.,  Ixv,  p.  1,  1911. 

'  For  the  latest  reviews  of  the  literature,  see  Lusk:  Phlorhizinglykosurie, 
Ergeb.  d.  Physiol.,  xii,  1912. 

*  Mandel  and  Lusk:  Amer.  Joum.  of  Physiol.,  xvi,  p.  129, 1916;  Ringer  and 
Lusk:   Zeitschr.J.  physioL  Chem.,  Ixvi,  p.  100, 1910. 
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The  results  of  the  experiments  are  as  follows: 
Dog  6.    Twenty-four-hour  'periods. 


December,  1911 
13 
14 


15 


VI 
VII 


VIII 


WBIOHT 

12.7 

NITROOEN 

18.0 

12.2 

21.1 

1 

11.9 

19.7 

60.9 
70.8 


66.2 


D:N 


3.38 
8.83 


3.36 


Ten  grams  of  glu- 
taric  acid  neu- 
tralized with 
NaHCOt  given 
Bubcutaneously 
in  three  doses 
during  course 
of  day. 


Dog  7.     Twenty-four-hour  periods. 

January.  1912 

1 

18 

I        1    13.87 

16.9 

63.0 

3.73 

19 

II 

17.9 

66.6 

3.66 

Ten    grams    glu- 

taric    acid     as 

' 

above. 

20 

Dog  in  good  condition.         Experiment    discontinued  for 

external  reasons. 

May 

1912 

18 
19 


19 


II 
III 


IV 


Dog  88.     Twelve-hour  periods. 


12.9 


5.8 
6.7 


6.5 


21.7 
28.7 


22.5     3.46 


3.76 
8.54 


0.36 
0.86 


0.39 


it 


0.28 
0.80 


0.29 


a 

p 

h 


So 


2.4 
8.2 


I  320.0 
i  884.0 


Ten 
grams 
giutaric 
acid  as 
above. 


2.1  '  348.01 


These  three  experiments  show  conclusively  that  giutaric  acid 
has  not  the  influence  attributed  to  it  by  Baer  and  Blum.    In  none 
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of  the  experiments  was  there  any  diminution  in  any  of  the  urinary 
constituents;  in  fact,  a  slight  increase  can  be  seen  on  glutaric  acid 
days.  In  dog  22  there  is  a  distinct  increase  in  the  jS-oxybutyric 
acid  after  the  administration  of  glutaric  acid. 

How  can  the  differences  of  our  results  and  those  of  Baer  and 
Blum  be  explained?  There  are  two  possible  answers.  It  may  have 
been  due  to  the  presence  of  some  impurity  in  their  glutaric  add 
which  affected  the  general  metabolism  to  a  very  considerable 
extent  and  may  thus  account  for  the  marked  disturbance  in  the 
nitrogen  elimination  (0.49  gram  per  twenty-four  hours),  or  it 
may  have  been  due  to  the  inadequacy  of  their  methods  as  already 
described.  It  is  very  likely  that  the  same  misleading  factors 
which  operated  in  obscuring  the  effects  of  glycocoU,  alanine,  lactic 
acid,  etc.,  operated  in  their  glutaric  acid  experiments. 

SUMMABT. 

Glutaric  acid  is  shown  to  have  no  inhibitory  effect  on  the  action 
of  phlorhizin.  It  does  not  reduce  the  sugar  or  nitrogen  elimina- 
tion in  phlorhizin  glycosuria.  It  does  not  diminish  the  acetone 
bodies  in  the  urine. 

Attention  is  called  to  the  inaccuracy  of  the  methods  employed 
by  Baer  and  Blum  and  to  the  misleading  results. 
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AUTOLTSIS  OF  MOLD  CXTLTUHES. 

f 

Bt  ARTHUR  W.  DOX  and  LEONARD  MAYNARD. 
(From  the  Chemical  Section  of  the  Iowa  Agricultural  Experiment  StcUion.) 

(Received  for  publication,  June  19, 1912.) 

When  the  common  saprophytic  molds  are  grown  on  suitable 
fluid  culture  media,  a  dense  turgid  mycelium  usually  results  in  the 
course  of  one  or  two  weeks.  If  now  the  culture  is  left  undisturbed 
for  several  weeks  longer  the  turgidity  of  the  cells  gradually  dis- 
appears until  finally  the  whole  mycelium  can  be  disintegrated  by 
simply  shaking  the  flask.  This  chaiige  in  cell  structure  is  evi- 
dently due  to  autolysis,  and  must  therefore  be  accompanied  by 
chemical  changes  which  alter  the  composition  of  the  substratum. 
Of  these  changes,  that  which  the  protein  undergoes  may  be  con- 
sidered as  perhaps  the  most  typical  and  the  most  easily  demon- 
strated. 

A  series  of  experiments  was  undertaken  in  order  to  determine 
in  what  way  and  to  what  extent  these  autolytic  changes  affected 
the  nitrogen  content  of  the  culture  medium.  It  will  be  noted 
that  the  experiments  herein  described  differ  from  those  usually 
carried  on  to  illustrate  autolysis,  in  that  the  term  is  more  com- 
monly applied  to  the  changes  observed  in  plant  or  animal  tissues 
whose  vitality  has  been  destroyed  by  some  antiseptic. 

In  our  experiments  no  antiseptic  was  used.  In  either  case 
the  essential  change  taking  place  is  the  digestion  of  the  tissue  by 
enz3anes  that  survive  the  death  of  the  cell.  Where  the  autolysis 
occurs  in  the  presence  of  living  cells,  however,  there  is  a  possibility 
also  that  the  autolytic  products  may  be  accompanied  by  excre- 
tory products.  In  our  own  experiments  it  seems  unlikely  that 
such  was  the  case  to  any  considerable  extent.  In  all  probability 
metabolic  activity  ceases  soon  after  the  organism  has  exhausted 
the  carbohydrate  from  the  medium  and  the  culture  is  alive  only 
in  the  sense  that  it  contains  spores  capable  of  germinating  under 
proper  conditions. 
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"7      5~^J      ^     S     6      7" 

Age  of  Culture  In  Week*. 
1.     PeNICILLIXTM  BXPAN8T7M. 


AOBOr 

PBNICILLnnf  BXPANBUM 

AMFmrnQTUAM  MIOBB 

CUVtUBM 

Total  N  In 
medium 

AmmonteNln 
medium 

TotiUNin 
medium 

Ammonia  N  In 
medium 

W$k$ 

mgm. 

mgm. 

mgm. 

mam. 

0 

40.7 

40.7 

40.7 

40.7 

1 

7.9 

4.9 

13.2 

10.4 

2 

12.3 

8.0 

16.8 

12.1 

3 

16.7 

10.0 

23.6 

18.8 

4 

16.8 

11.8 

23.9 

18.8 

5 

16.2 

10.4 

23.6 

16.3 

6 

16.3 

10.4 

27.6 

21.3 

7 

16.8 

10.6 

28.8 

22.8 

8 

18.6 

13.2 

29.2 

23.0 

^     3     5     5    3    5     7     a" 

Age  of  Culture  In  Weeks. 

Fig.  2.    Aspebqillus  niobr. 
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The  cultures  used  in  these  experiments  were  grown  on  a  medium 
consisting  of  sucrose  and  salts,  the  nitrogen  being  entirely  in 
the  form  of  ammonium  acid  tartrate.  In  the  first  experiment  a 
number  of  200  cc.  Erlenmeyer  flasks  of  uniform  bottom,  each 
containing  50  cc.  of  the  medium,  were  sterilized  and  heavily 
inoculated  with  spores.  The  flasks  were  set  away  in  a  dark  place 
of  a  fairly  uniform  temperature.  At  the  end  of  each  week  the 
cultural  characteristics  were  noted  and  the  contents  of  one  flask 
taken  for  analysis.  The  culture  fluid  was  filtered  and  the  mycel- 
ium washed  with  distilled  water.  The  filtrate  was  then  diluted 
to  a  definit'e  volimie  and  aliquot  portions  analyzed  for  total  nitro- 
gen by  the  Kjeldahl  method  and  for  ammonia  by  distillation  with 
magnesium  oxide. 

These  results  are  more  clearly  illustrated  by  the  preceding 
figures  (1  and  2).  The  curves  designated  (a)  represent  the  total 
nitrogen  in  the  medium,  those  designated  (b)  the  ammonia  nitrogen. 

In  figure  2  it  will  be  noticed  that  the  nitrogen  in  the  medium 
does  not  reach  as  low  a  minimum  as  in  figiu'e  1.  Evidently  the 
actual  minimum  is  attained  some  time  between  the  first  and  second 
determinations,  and  is  therefore  not  indicated  on  the  curve.  The 
validity  of  this  explanation  is  shown  by  the  following  data,  repre- 
sented graphically  in  figure  3.  In  this  experiment  the  organism 
was  grown  in  300  cc.  flasks  on  100  cc.  of  a  medium  containing  half 
the  amoimt  of  nitrogen.  The  minimum  for  ammonia  here  repre- 
sents more  nearly  the  actual  minimum. 


AMrmmanAAJB  ntamm 

AOB  OP  CULTUBB 

Total  N  In  medluin 

Ammonia  N  In  medium 

W0dt» 

1119m. 

mgm. 

0 

37.5 

37.5 

1 

7.0 

2.3 

2 

1.8 

3 

12.0 

5.2 

4 

21.0 

10.2 

5 

22.1 

15.1 

6 

27.4 

15.4 

7 

24.4 

17.2 

8 

26.6 

17.8 

9 

27.4 

19.3 

26 

27.8 

18.5 
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When  the  nitrogen  in 
the  medium  is  present  in 
the  form  of  nitrate,  the 
mold  grows  equally  well 
and  shows  the  same  cul- 
tural characteristics.  The 
nitrogen  nearly  all  disap- 
pears from  the  medium, 
then  reappears  in  the  form 
of  ammonia  and  oth^  solu- 
ble substances.  In  the  fol- 
lowing experiment,  Asper- 
gillus niger  and  PenicUUuin 
camemberh  were  grown 
upon  100  cc.  of  medium  containing  potassium  nitrate  as  the 
source  of  nitrogen.  The  following  tables  indicate  that  the  nitrate 
radical  soon  disappears  and  is  then  replaced  by  ammonia  and 
other  nitrogenous  substances,  the  nature  of  which  has  not  yet 
been  determined.  Indeed  it  would  appear  that  the  nitrate  is 
first  converted  into  some  other  form  of  nitrogen  before  assimila- 
tion takes  place. 


/    i    3    4    S    6    7^    & 

Ace  of  Cultore  In  Weeks. 

Fig.  3.    Abpebgillub  nigeb. 


AOB  OF 

Total  Nin 
medium 

Ammonia 

Nin 
medium 

Nitrate  Nin 
nedlum 

Total  Nin 
medium 

Ammonia 

Nin 
medium 

Nitrate  N  In 
medium 

IMdkt 

m$m. 

m#m. 

mfm. 

m$m. 

1119m. 

m§m. 

0 

31.6 

2.1 

30.0 

31.6 

2.1 

30.0 

1 

10.6 

1.7 

2.4 

19.7 

1.4 

2.4 

2 

10.6 

2.0 

none 

10.9 

2.0 

none 

3 

8.4 

2.1 

none 

9.2 

2.2 

none 

4 

17.4 

9.5 

none 

16.4 

7.8 

none 

5 

27.3 

19.9 

none 

21.0 

10.2 

none 

These  experiments  aU  indicate  that  during  the  first  week  or  two 
the  mold  assimilates  most  of  the  nitrogen  and  subsequently  re- 
stores a  large  part  of  this  nitrogen  to  the  medium.  In  examining 
the  curves,  the  fact  must  be  taken  into  consideration  that  each 
determination  represents  an  individual  culture.  Irregularities  in 
the  curve  may  therefore  be  due  to  indeterminate  cultural  varia- 


Digitized  byVjOOQlC 


Arthur  W.  Dox  and  Leonard  Maynard       231 

tions.  Thus  the  dip  in  the  curves  in  figure  2  at  the  end  of  the 
fifth  week  and  in  figure  3  at  the  end  of  the  seventh  week  should 
not  be  interpreted  as  a  departure  from  the  general  trend  of  the 
entire  curve.  In  seven  or  eight  weeks  an  equilibrium  is  established 
after  which  the  nitrogen  in  the  medium  appears  to  remain  constant. 
In  the  second  experiment  with  Aspergillus  niger,  the  determinations 
made  at  the  end  of  the  twentyndxth  week  agreed  very  closely  with 
those  made  at  the  end  of  the  eighth  week.  This  organism  restored 
about  three-fourths  of  the  nitrogen,  which  it  had  assimilated,  to 
the  medium,  principally  in  the  form  of  ammonia.  The  remainder 
of  the  nitrogen  which  is  still  retained  by  the  mycelium,  represents 
nitrogen  present  in  the  spores  and  probably  also  in  some  chitin- 
like  substance  or  glucosamine  complex  which  does  not  undergo 
autolytic  change. 

Determinations  of  total  nitrogen  including  both  medium  and 
mycelium  at  the  beginning  and  end  of  the  experiments  showed 
that  no  nitrogen  had  been  assimilated  from  the  atmosphere. 
It  should  be  mentioned  also  that  the  volatile  base  liberated  by 
magnesium  oxide  was  prepared  from  a  culture  of  AspergiUus  niger 
six  weeks  old  and  identified  as  ammonia  by  means  of  the  double 
salt  with  platinic  chloride. 


Found: 
Pt 43.90  43.42 


Catoulatud  for 
(NH4)tPtCb: 
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A  COMPARISON  OF  PARANUCLEIN  SPLIT  FROM  CASEIN 

WITH  A  SYNTHETIC  PARANUCLEIN,  BASED 

ON  IMMUNITY  REACTIONS. 

By  FREDERICK  P.  GAY  and  T.  BRAILSFORD  ROBERTSON. 

(From  the  Hearst  Laboratory  of  Pathology  and  Bacteriology ,  and  the  Rudolph 
Spreckele  Physiological  Laboratory,  University  of  California.) 

(Received  for  publication,  June  25,  1912.) 

It  has  been  shown  by  one  of  us  (Robertson)^  that  a  substance 
closely  resembling  paranuclein  A'  both  in  its  properties  and  its 
C,  H  and  N  content  can  be  formed  from  the  filtered  products  of 
the  complete  peptic  hydrol3rsis  of  an  approximately  4  per  cent 
neutral  solution  of  potassium  caseinate  by  the  action  of  pure  pepsin 
(Gnibler's  pepsin  puriss.  sice.)  at  36**C.  In  the  publications 
referred  to  above,  evidence  has  been  brought  forward  to  show 
that  in  this  case  we  have  a  real  synthesis  of  protein  from  the  prod- 
ucts of  its  hydrol3rtic  cleavage.  The  solution  of  the  products  of 
the  peptic  digestion  of  casein  which  was  employed  in  the  following 
experiments  was  prepared  as  follows: 

To  6  liters  of  ^  sodium  or  potassium  caseinate  were  added  2  grams  of 
GrUbler's  pepsin  puriss.  sice,  which  had  been  previously  dissolved  in  a 
little  water;  this  solution,  after  thorough  mixing,  was  allowed  to  stand  at  36* 
for  ten  days,  2  more  grams  of  pepsin  being  added  after  the  first  four  days 
(in  the  presence  of  toluol)  and  was  then  sterilized  by  steam  at  100°  and  fil- 
tered through  hardened  filter-paper.  To  the  filtrate  were  then  added  2  more 
grams  of  pepsin,  dissolved,  as  in  the  previous  cases,  in  a  little  water,  toluol 
introduced,  and  the  solution  was  again  allowed  to  stand  at  36*  for  from 
seven  to  eight  days;  it  was  then  again  sterilized  by  steam  at  100°  and  filtered 
through  hardened  filter-paper.  The  filtrate  thus  obtained  is  of  a  clear  yel- 
low color  with  little  or  no  opalescence  and  gives  no  trace  of  a  precipitate 

1  T.  Brailsford  Robertson:  this  Journal,  iii,  p.  95,  1007;  v,  p.  493,  1909; 
viii,  p.  287,  1910;  Robertson  and  Biddle:  ibid,,  ix,  p.  295,  1911. 

*  Paranuclein  A  is  formed  from  paranuclein  of  casein  by  the  splitting  off 
of  phosphoric  acid  in  alkaline  solution  (cf.  Salkowski  and  Hahn:  Arch,f.  d, 
gee,  Physiol.,  lix,  p.  225,  1895;  T.  Brailsford  Robertson:  this  Journal,  in, 
p.  95,  1907. 
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nor  of  opalescence  upon  the  addition  of  acetic  acid  either  before  or  after 
neutralisation  with  alkali;  hence  both  casein  and  paranuclein  are  completely 
absent  from  the  solution. 

The  synthetic  paranuclein  A  was  prepared  from  this  solution  of 
the  products  of  peptic  digestion  in  the  following  manner: 

Eighteen  hundred  cubic  centimeters  of  the  filtered  products  of  the  com- 
plete peptic  hydrolysis  of  a  4  per  cent  solution  of  casein  in  /„  sodium  hydrate, 
free  from  substances  precipitable  by  acetic  acid  either  with  or  without  pre- 
vious addition  of  alkali,  were  evaporated  to  300  cc.  To  this  solution  were 
added  130  cc.  of  10  per  cent  pepsin  (GrUbler's  puriss.  sice.)  and  the  mixture 
was  set  aside  at  36®  in  the  presence  of  excess  of  toluol.  Within  twenty-four 
hours  a  precipitate  had  appeared  in  the  fluid.  After  five  days  the  precipi- 
tate was  collected  on  a  filter  and  washed  with  water  until  the  washings  were 
colorless.  About  200  cc.  of  water  containing  30  cc.  of  t^  sodium  hydrate 
were  then  poured  into  the  filter  and  the  contents  agitated  while  the  drip- 
pings were  caught  in  about  an  equal  volume  of  water  containing  75  cc.  of  -jV 
acetic  acid.  The  resultant  precipitate  was  collected  on  a  filter,  washed  with 
water,  2  liters  of  09.8  per  cent  alcohol  and  1  liter  of  ether  (tZ.i\r.d.)  and 
dried  at  36®  over  calcium  chloride  and  then  at  room  temperature  over  sul- 
phuric acid.  The  substance  thus  obtained  was  a  friable  white  powder  very 
faintly  tinged  with  yellow. 

Elsewhere  we  show*  that  pure  casein  or  paranuclein  will  sensitize 
guinea  pigs  for  anaphylactic  intoxication  by  either  of  these  sub- 
stances and  apparently  indiscriminately.  Rabbits  immunized 
by  repeated  injections  of  casein  produce  a  potent  antiserum  with 
marked  precipitins  and  fixation  antibodies  for  casein  and,  to  a 
somewhat  less  extent,  for  paranuclein.  A  much  less  potent  anti- 
serum was  produced  by  paranuclein  with  no  precipitins  for  either 
casein  or  paranuclein  but  with  distinct  fixation  antibodies  for  para- 
nuclein only.  Certain  of  these  experiments  are  herewith  summa- 
rized and  compared  with  others  that  were  carried  through  syn- 
chronously with  synthetic  paranuclein  A  and  with  the  products  of 
peptic  digestion. 

ANAPHYLAXIS  EXPERIMRNTS. 

Guinea  pigs  were  sensitized  by  subcutaneous  injections  of  solu- 
tions of  peptic  digestion  products,  of  synthetic  paranuclein  A 
and  of  paranuclein.  The  two  latter  products  were  dissolved  in 
physiological  saline  containing  3.6  cc.  of  tt  KOH  to  100  cc.    The 

*F.  P.  Gay  and  T.  Brailsford  Robertson:  J  own,  of  Exp,  Med,,  in  press. 
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animald  were  subsequently  intoxicated  by  intravenous  injection 
of  one  or  other  of  the  substances  mentioiied  (table  1). 

TABLE  1. 


ammuATm 

.-»«a»o.. 

anrnm- 

TXL 

SaOOND  DOSB 

liwnAymmovhY) 

mmuvm 

4ayt 

114 

1  oc.  3  per  cent 

28 

1  cc.  1  per  cent 

Severe  symptoms  J 

paranuclei!! 

paranuclein 

chloroformed  2 
hours;  hemor^ 
rhages  into  per- 
itoneum. 

126 

Control 

1  cc.   1  per  cent 
synthetic  para- 
nuclein 

Nosympto!!!s;no 
lesions. 

112 

1  cc.  3  per  cent 

28 

1  cc.  1  per  cent 

Dead  45  minutes; 

paranuclein 

synthetic  para- 
nuclein 

immobilization 
of  lungs;  ex- 
tensive hemor- 
rhages in  cecum 
and  lungs. 

113 

1  cc.  3    per  cent 

28 

1.5  cc.  1  per  cent 

Severe  sympto!!!s; 

paranuclein 

synthetic  para- 
nuclein 

hemorrhages  in 
cecum. 

115 

1  cc.  3  per  cent 

28 

1  cc.  6  per  cent 

Moderate  prostra- 

paranuclein 

solution  peptic 
digestion 

tion;  no  lesioi!8. 

127 

Control 

1  cc.  .6    per  cent 
solution  peptic 
digestion 

Slight  but  dis- 
tinct symptoDQS. 

120 

Synthetic  para- 

28 

1  cc.  1  per  cent 

Severe  symptonos 

nuclein  A,  3  per 

paranuclein 

for2hoi!r8.   No 

cent,  1  cc. 

lesions. 

118 

Synthetic  para- 

28 

1  cc.  1  per  cent 

Severe  symptonos 

nuclein  A,  3  per 

synthetic  para- 

for  2   hours. 

cent,  1  cc. 

nuclein  A. 

Hemorrhages  in 
stomach. 

122 

1  cc.  3  per  cent 

28 

1  cc.  1  per  cent 

No  symptoDQs;  no 

solution  peptic 

paranuclein 

lesions. 

digestion. 

121 

1  cc.  3  per  cent 

28 

1  cc.  1  per  cent 

No  8ymptO!!!s;  no 

solution  peptic 

synthetic  para- 

lesioi!8. 

digestion 

nuclein  A. 

123 

1  cc.  3  per  cent 

28 

1  cc.  6  per  cent 

Slight   agitation; 

solution  peptic 

solution  peptic 

no  lesions. 

digestion 

digestion 
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These  experiments  are  unequivocal.  The  products  of  the  peptic 
digestion  of  casein  have  distinct  intoxicating  effects  for  normal 
animals,  a  property  which  is  already  well  recognized  in  its  relation 
to  anaphylactic  shock  (Vaughan  and  Wheeler,  Biedl  and  Kraus). 
They  have,  however,  no  antigenic  property  nor  specific  intoxicat- 
ing effect  for  animals  sensitized  by  themselves  or  by  paranuclein. 
Paranuclein  and  synthetic  paranuclein  A,  however,  have  specific 
sensitizing  and  intoxicating  properties  and  seem  to  react  inter-< 
changeably.  In  other  words,  the  action  of  pepsin  on  the  peptic 
digestion  solution  has  produced  a  new  product  that  is  indistin- 
guishable from  paranuclein  by  the  anaphylaxis  reaction.  It  would 
seem  a  true  sjmthesized  protein  as  claimed  by  Robertson. 

Experiments  with  a  potent  anticasein  serum  corroborate  and 
extend  these  biological  proofs.  A  strong  antiserum  to  casein 
which  gives  a  precipitin  reaction  with  this  substance  in  dilution  of 
1-10,000  of  a  1  per  cent  solution  and  a  fixation  reaction  with 
1-100,000  was  shown  to  produce  almost  equally  strong  reactions 
with  paranuclein.  A  fixation  reaction  was  tried  with  various 
dilutions  of  the  solution  of  peptic  digestion  of  casein,  of  synthetic 
paranuclein  A  and  of  paranuclein  in  conjunction  with  this  serum. 
The  uniform  technical  details  of  such  an  experiment  follow: 

Antigenic  mixtures:  One  per  cent  solutions  with  a  total  volume  of  1  cc. 

Antiserum:    0.3  cc.  (56**C.). 

Alexin:  0.1  cc.  of  mixed  serum  from  several  guinea  pigs  removed  from  the 
clot  eighteen  to  twenty-four  hours  after  bleeding.  Dilution  to  1  cc.  in  salt 
solution.    Incubation  with  antigen  and  antibody  at  37°  C.  for  one  hour. 

Hemolytic  system:  1  cc.  of  a  5  per  cent  suspension  of  washed  sheep's 
blood  containing  four  minimal  hemolytic  doses  of  a  strong  rabbit-anti-eheep 
serum. 

Positive  fixation  means  complete  absence  of  hemolysis  after  two  hours  at 
37°,  followed  by  sedimentation  over  night  in  the  ice  box. 

Controls:  Each  antigenic  dilution  plus  0.3  cc.  of  inactivated  normal 
rabbit  serum.  Antiserum  with  salt  solution  replacing  antigen.  These 
should  hemolyze  completely. 

The  results  may  be  tabulated  as  follows: 

Fixation  reactions  vrith  anticasein  serum  No.  101: 

Paranuclein,  1  per  cent  solution;  Positive  0.001  cc.  (limit  not  reached). 
Synthetic  paranuclein  A,  1  per  cent  solution;  Positive  0.001  cc. 
Peptic  digestion  products,  1  per  cent  solution;  Negative  0.1  cc. 
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SUMMARY. 

Paranuclein  and  synthetic  paranuclein  A  (Robertson)  derived 
from  the  products  of  complete  peptic  digestion  of  casein  and  syn- 
thesized by  the  action  of  pepsin  at  36^0.  are  interchangeable  as 
tested  by  reactions  of  anaphylaxis  and  of  alexin  fixation  with  an 
anticasein  serum.  They  have  identical  and  specific  antigenic 
properties  that  are  not  present  in  the  original  peptic  digestion 
product. 
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ON  PHOSPHOTUNGSTIC-PHOSPHOMOLTBDIC  COM- 
POUNDS AS  COLOR  REAGENTS. 

By  otto  FOLIN  and  W.  DENIS. 
(Prom  the  Biochemical  Laboratory  of  Harvard  Medical  School,  Boston*) 

(Received  for  publication,  June  29,  1912.) 

In  a  recent  preliminary  communication  Folin  and  Macallum 
showed  that  it  is  possible  to  make  colorimetric  uric  acid  determina- 
tions by  means  of  the  blue  color  which  uric  acid  produces  with  a 
reagent  which  was  supposed  to  be  phosphotungstic  acid.  As  the 
supply  of  reagent  gave  out  and  more  was  prepared  by  boiling 
sodium  tungstate  with  phosphoric  acid  the  products  obtained 
either  failed  to  give  the  reaction  or  gave  it  so  faintly  as  to  be  useless 
for  quantitative  work. 

Both  phosphomolybdic  and  phosphotungstic  acids  have  been 
used  as  qualitative  reagents  for  uric  acid^  but  no  one,  so  far  as  we 
have  been  able  to  learn  from  the  literature,  has  made  more  than  a 
few  casual  qualitative  observations  on  the  subject  or  has  made 
any  effort  to  differentiate  between  phosphotungstic  and  phospho- 
molybdic acids.  The  latter  has  been  used  more  than  the  former 
probably  because  phosphotungstic  acid  as  ordinarily  prepared  is 
very  imsatisfactory  even  for  qualitative  purposes. 

As  the  original  reagent  gave  a  fine  reaction  not  only  with  uric 
acid  but  also  with  a  great  many  phenol  derivatives,  including 
tyrosine,  it  seemed  to  us  important  to  discover  if  possible  how  to 
procure  a  reliable  supply  of-  this  interesting  substance.  The 
research  has  yielded  some  rather  imexpected  results. 

By  means  of  a  systematic  series  of  combinations  of  phosphoric 
add  with  sodium  tungstate,  with  sodium  molybdate  and  with 
various  mixtures  of  the  two,  and  by  assaying  the  chromophoric 

^  Offer:  CerUralbL  f.  Physiol,  viii,  p.  801,  1894;  Riegler:  Maly'a  Jahrea- 
bericht,  1901,  p.  98;  1902,  p.  118;  Moreigne:  /&td.,  1906,  p.  83;  Cenrello:  Arch, 
f.  cxp.  Path.  a.  Pharm,,  Ixi,  p.  434, 1909. 
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value  of  each  preparation  both  with  uric  acid  and  with  phenol 
derivatives,  we  have  obtained  first,  a  highly  sensitive  reagent  for 
uric  acid  which  does  not  react  with  monohydric  phenols  or  their 
derivatives,  such  as  tjrrosine,  and  secondly,  a  preparation  which  is 
probably  far  more  delicate  than  any  color  reagent  yet  known  for 
phenol  groups.  The  first  is  a  phosphotungstic  acid ;  the  second  is  a 
phosphotungstic-phosphomolybdic  compound.  Both  are  doubt- 
less very  complex  compounds  and  we  have  made  no  attempt  to 
isolate  them  in  pure  condition.  The  preparation  of  the  reagents 
in  solution  is,  however,  a  simple  matter  and  that  is  after  all  for  us 
the  important  point. 

1.  The  uric  add  reagent.  This  solution  contains  10  per  cent  of 
sodium  tungstate  and  16  per  cent  of  phosphoric  acid  boiled  together 
for  about  two  hours.  To  750  grams  of  water  add  100  grams  of 
the  tungstate  and  80  cc.  of  85  per  cent  phosphoric  acid  (HaP04). 
Boil  gently  for  two  hours  using  a  reflux  condenser  to  prevent  undue 
concentration,  cool  and  dilute  to  1  liter.  Two  cubic  centimeters 
of  this  solution  gives  the  maximum  color  obtainable  with  1  mgm. 
of  uric  acid. 

2.  The  phenol  reagent.  This  is  a  solution  containing  10  per 
cent  of  sodium  tungstate,  2  per  cent  of  phosphomolybdic  acid  and 
10  per  cent  of  phosphoric  acid.  To  750  grams  of  water  add  100 
grams  of  sodium  tungstate,  20  grams  of  phosphomolybdic  acid 
and  50  cc.  of  phosphoric  acid  (85  per  cent).  Boil  for  two  hours 
with  a  reflux  condenser,  cool  and  dilute  to  1  liter.  Two  cubic 
centimeters  will  give  the  maximum  color  with  1  mgm.  of  tyrosine 
or  uric  acid. 

The  only  precaution  necessary  in  the  preparation  of  these  rea- 
gents is  to  use  products  which  are  free  from  nitrates.  Nitric  acid 
interferes  with  the  color  reaction.  In  the  preparation*  of  the  uric 
acid  reagent  the  tungstate  must  of  course  contain  no  molybdate. 
In  the  use  of  these  reagents  it  is  to  be  noted  that  the  active  com- 
pound is  quickly  destroyed  by  alkalies,  that  the  color  is  produced 
(with  uric  acid  and  phenols)  only  in  alkaline  solutions,  yet  is  not 
obtained  unless  the  alkali  is  added  last.  From  these  facts  we  con- 
clude that  the  active  compound  is  probably  reduced  by  the  uric 
acid  or  phenol  derivatives  in  acid  solution  and  that  the  reduced 
compound  gives  blue  salts  on  adding  the  alkali.  The  blue  color 
obtained  is  also  not  very  stable  in  an  excess  of  alkaU;  it  gradually 
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fades  and  the  stronger  the  alkali  the  quicker  is  the  fading.  The 
selection  of  the  right  alkali  is  therefore  important,  especially  in 
quantitative  work  where  we  want  the  maximum  as  well  as  the 
most  stable  color.  The  best  alkali  for  the  purpose  is  sodium  car- 
bonate. Potassium  carbonate  or  ammonia  cannot  be  used  because 
they  give  precipitates  with  the  reagents.  The  reaction  is  made  as 
follows:  1  or  2  cc.  of  the  reagent  is  mixed  in  a  test  tube  with  about 
the  same  volume  of  a  solution  containing  the  substance  to  be  tested. 
An  excess  of  saturated  sodium  carbonate  solution  (3-10  cc.)  is 
then  added  producing  the  color  at  once.  When  only  the  most 
minute  traces  are  involved  solid  powdered  sodimn  carbonate  is 
substituted  for  the  saturated  solution  so  as  to  avoid  unnecessary 
dilution. 

When  made  in  this  way,  making  use  of  solid  sodium  carbonate, 
the  test  is  unmistakably  positive  with  solutions  containing  1  part 
of  uric  acid  in  500,000  parts  of  water  and  with  1  part  of  tyrosine 
in  1,000,000  parts  of  water. 

In  order  to  obtain  information  as  to  the  utility  of  the  two  rea- 
gents we  have  tried  them  with  a  large  number  of  organic  substances. 
Aliphatic  compounds,  such  as  acids,  oxy-acids,  amino-acids,  car- 
bohydrates, ketones,  aldehydes  and  amines  do  not  give  the  reac- 
tions. The  same  is  true  of  indol  and  its  derivatives.  In  tables 
I,  II  and  III  are  given  a  number  of  results  obtained  with  phenol 
derivatives.* 

It  is  apparent  that  the  uric  acid  reagent  does  not  give  a  reaction 
with  ordinary  monohydric  phenols  except  with  those  containing 
an  amino  group  in  the  benzene  ring,  while  it  does  react  with  di- 
and  with  poly-hydric  phenols.  Our  phenol  reagent  on  the  other 
hand  reacts  with  all  oxybenzol  compounds.  We  believe  that 
the  phenol  reagent  can  advantageously  be  used  as  a  substitute  for 
Millon's  reagent  in  a  great  many  cases,  particularly  in  the  study 
of  protein  materiab,  because  it  is  far  more  sensitive  to  tyrosine 
thaji  Millon's  (see  the  next  paper)  and  the  reaction  comes  at  once 
and  in  the  cold. 

Through  the  early  investigations  of  Salkowski  and  of  Baumann 
it  is  known  that  the  urine  of  man  and  animals  contains  a  number 

*  For  many  of  these  compounds  we  are  indebted  to  the  Department  of 
Chemistry  in  Harvard  College. 
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TABI^  I. 
Monohydric  phenols. 


HAMM  ▲BTD  FOKMUUk  OT  •UBBTAMCB  TXSTmD 


Phenol,  C«H|OH 

Crasols,  o,  m,  p,  C«H4CH<0H 

Nitropfaenols,  o,  m,  p,  CiEUNOsOH 

p-Amino-phenoI,  CANHsOH 

Diethyl  p-fimino-phenol,  C«Hs(CiB«)sNHiOH 

Tribromphenol,  C<HsBriOH 

Thymol,  C6HflCH^HCH(CHs)s 

Canracrol,  CJIsGHiOHCU(CH«)s 

Salicylic  acid,  C«H40HC00H 

Tyraeine,  C«H^HCHsCH(NHi)GOOH 


+ 


TABLE  n. 
Dihydrte  phenoU. 


HAIIB  AMD  WOmXULA  OT  SUMVAJICB  VaSnD 


mUC  ACID 
BXAOBm 


MILLOV'S 


Hydroquinone,  CtEU(OH)s 

Heaorein,  C«H4(0H)s 

Pyrocatechin,  C<H4(0H)s 

Trichlorhydroquinone,  C«H4Cli(0H)s . . . . 

Orcin,  CUB[|CHi(OH)s 

Gtiidacol,  CaBUOCH^OH 

Besorcin-^m-methyl  ether,  CeEUOCHsOH 

Eagenol,  C«HiOHOCHiCHsCHH:^s 

Vanillin,  C.H,OHOCH,CHO 


+ 
+ 
+ 
+ 
+ 
+ 

+ 


+ 
+ 

+ 


+ 
+ 


TABLE  in. 
Trihydric  pfienoU  and  other  compounds. 


KAMB  AKD  rOBMULA  OV  SUBflTAMCB  nTBD 


Pyrogallol,  CJIi(OH), 

Phloroglucin,  CiH,(OH), 

Tannic  acid,  C«H,(OH), 

Adrenalin,  C«H,(OH),CH(OH)CH,NHCH, 

Bensaldehyde,  C«HiCHO 

Morphine 

a-Naphthol,  C10H7OH 

Naphthylamine,  CioHtNHj 

Uric  acid 


UBlOAaO 

FRWrOL 

MLLOir's 

KBAOBHT 

KBAOBHT 

BBAOBNT 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

— 

+ 

+ 

+ 

+ 

+ 

+ 

— 

+ 

— 

+ 

+ 

— 
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of  phenol  derivatives  but  since  that  time  there  have  been  no  sys- 
tematic investigations  of  the  subject.  By  qualitative  tests  with 
the  above  reagents  we  have  satisfied  ourselves  that  human  urine 
contains  polyphenol  compounds  even  after  several  days'  fasting. 
More  extensive  investigations  concerning  the  quantitative  rela- 
tionship of  the  different  classes  of  phenols  and  concerning  their 
significance  as  metabolism  products  will  be  pursued  in  this  labora- 
tory. 


*■■  iOUBlTAL  or  aiOLOOICAL  CKBUISTBT,  VOU  Zll.  HO.  2. 
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TTROSINE  IN  PROTEINS  AS  DBTBRMINBD  BT  A  NEW 
COLORIMETRIC  METHOD. 

By  otto  FOLIN  and  W.  DENIS. 
(From  the  Biochemical  Laboratory  of  the  Harvard  Medical  School,  Boston,) 

(Received  for  publication,  June  29,  1012.) 

The  quantitative  isolation  of  any  one  amino-acid  from  among 
the  heterogeneous  mixtures  obtained  in  the  hydrolysis  of  protein 
materials  is  beset  with  so  many  practical  difficulties  that  any 
chemical  reaction  which  is  specific  for  any  amino-acid  and  suit- 
able for  its  quantitative  estimation  is  apt  to  be  valuable  and 
merit  investigation.  In  the  preceding  paper  we  described  the 
preparation  of  a  new  reagent  which  in  the  absence  of  other  phenol 
derivatives,  is  specific  for  tyrosine.  Tyrosine  is  one  of  the  least 
soluble  amino-acids;  its  quantitative  determination  should  there- 
fore be  one  of  the  most  accurate,  yet  as  a  matter  of  fact  the  tyro- 
sine contents  of  protein  materials  reported  in  the  literature  differ 
so  much  as  to  clearly  show  that  the  determination  of  this  substance 
in  amino-acid  mixtures  by  way  of  its  isolation  in  pure  condition  is 
at  best  a  tedious  and  difficult  task. 

In  illustration  of  the  above  statement  it  may  not  be  out  of  place 
to  cite  a  few  examples  of  the  discrepancies  in  the  results  of  the  tyro- 
sine determinations  reported  by  several  of  the  most  eminent 
workers  in  the  field.  The  amount  of  tyrosine  in  zein  prepared 
from  maise  is  reported  by  Eutscher^  as  10.06  per  cent  and  by 
Osborne  and  Clapp^  as  3.6  per  cent.  In  vitelline  from  the  hen's 
egg  Abderhalden  and  Hunter*  report  1.6  per  cent,  while  Osborne 
and  Jones^  obtained  3.37  per  cent  tyrosine.  Other  examples,  too 
niunerous  to  mention,  are  to  be  found  throughout  the  literature. 

>  Zeiteehr.  f.  physiol.  Chem.,  xxxviii,  p.  Ill,  1903. 

*  Amer.  Joum.  of  Physiol.,  xx,  p.  477, 1908. 

*  Zeitschr.  f.  phyeioL  Chem,,  xlviii,  p.  505,  1906. 

*  Amer.  Joum.  of  Physiol.,  xxiv,  p.  153, 1909. 
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Partly  because  of  the  large  discrepancies  in  the  analyses  reported 
in  the  literature,  partly  because  we  hoped  to  be  able  to  determine 
whether  proteins  contdn  other  phenol  derivatives  than  tyrosine, 
it  seemed  to  us  worth  while  to  make  'tyrosine"  determinations 
by  means  of  our  new  reagent  in  a  few  definite  proteins. 

The  method  used  for  this  colorimetric  determination  of  tyrosine 
in  proteins  is  as  follows :  One  gram  of  the  dry  protein  is  accurately 
weighed  out  and  transferred  to  a  500  cc.  Kjeldahl  flask,  25  cc.  of 
20  per  cent  hydrochloric  acid  is  then  added,  the  flask  closed  by 
means  of  a  Hopkins  condenser  made  from  a  large  test  tube,*  and 
the  contents  of  the  flask  boiled  for  twelve  hours  over  a  micro- 
burner.  At  the  end  of  this  time  the  flame  is  removed,  the  contents 
of  the  flask  transferred  on  cooling  to  a  100  cc.  volumetric  flask  and 
made  up  to  volume.  One  or  two  cubic  centimeters  of  this  solution 
are  then  transferred  to  a  100  cc.  volumetric  flask,  5  cc.  of  the  tyro- 
sine reagent*  added,  and  after  five  minutes  25  cc.  of  a  saturated 
solution  of  sodium  carbonate,  and  the  mixture  then  made  up  to 
volume  with  cold  tap  water.  The  maximum  color  develops  in 
about  ten  minutes.  Therefore  the  reading  should  not  be  made 
before  this  time  has  elapsed.  Fading  is  very  slow  in  the  presence 
of  the  large  excess  of  reagent  used.  As  nearly  at  the  same  time 
as  possible  a  standard  is  prepared  by  treating  1  mgm.  of  pure  tyro- 
sine with  5  cc.  of  the  phosphotungstic-phosphomolybdic  reagent, 
then  adding  25  cc.  of  saturated  sodium  carbonate  solution  and  mak- 
ing up  to  volume.  The  color  comparison  is  made  by  means  of  a 
Duboscq  colorimeter,  the  standard  solution  being  placed  at  20  nun. 
As  a  standard  solution,  we  use  a  solution  of  pure  tyrosine  in  deci- 
normal  hydrochloric  add  which  is  made  of  such  a  concentration 
that  5  cc.  contain  1  mgm.  of  tyrosine. 

In  making  the  color  comparisons  both  solutions  should  of  course 
be  absolutely  clear  and  with  no  trace  of  precipitate;  if  any  cloudi- 
ness is  observed  the  solution  diould  be  filtered  before  being  read. 

In  the  following  table  are  given  the  results  obtained  on  a  num- 
ber of  proteins.    For  comparison  we  have  also  compiled  a  list  of  the 

*  By  means  of  this  device  any  error  due  to  products  extracted  from  cork 
or  rubber  stoppers  is  excluded.  For  an  illustration  of  the  apparatus,  see 
Folin  and  Flanders:  This  Journal,  id,  p.  360, 1912. 

*  For  data  regarding  the  method  of  preparation  of  the  reagent  and  its 
properties,  see  the  preceding  paper. 
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tyrosine  values  published  by  a  number  of  investigators  who  have 
made  the  determination  by  the  ordinary  gravimetric  method. 

In  making  this  compilation  we  have  attempted  to  include  the 
work  of  as  many  different  investigators  as  possible  so  that  in  many 
cases  where  several  different  anal3r8e8  were  available  we  have  chosen 
the  one  published  by  the  worker  whose  name  appeared  the  smallest 
number  of  times  in  our  list. 

All  of  the  proteins  whose  tyrosine  contents  are  given  below,  with 
the  exception  of  wool,  hair,  horn  and  gelatin,  were  given  to  us  by 
Dr.  T.  B.  Osborne  and  we  wish  here  to  express  our  appreciation  of 
his  generosity  and  helpfulness. 


TTBOHin 

FBonmf 

By 

eolorliiMtrl& 

By 

(HiVlllWtrtO 

4000801X0  TO 

method 

method 

jmtmhI 

pm-emu 

Wool  (sheep) 

6.0 

2.4 

(See  below.) 

TTft.ir  rhimnATi) 

4.3 

3.0 

Horbacsewski :  SitMurngM- 

her.  wien,  Akad.^  Ixzx, 

2t6Abt.,lS79. 

Horn  (cow) 

6.5 

4.6 

E.  FL^r  and  D6rping- 

haus :  ZeiUchr.  /.  phye- 

xoL  Chem,,  xxxvi,  p. 

462,  1902. 

Gelatin 

trace 

0 

Fisher,  Levine  and  Ad- 

\ 

ers:  Ibid.,  xxxv,  p.70, 

1902. 

Oi^^in  (Kahlbaxim'f^) .   , .  r 

6.5 

4.5 

E.  Fisher:  Ibid.,  xxxiii, 

p.  15,  1901. 

Caflein  (cow's  milk) 

6.5 

4.5 

Ovovitellin  (hen's  egg) 

6.2 

3.37 

Osborne  and  Jones: 
Amer,  Jaum^of  PhyB- 
toi.,xxiv,p.l63,1909. 

Ovomucoid  (hen's  egg) 

5.4 

Conalbumin  (hen's  egg) 

4.9 

Ovalbumin  (hen's  egg) 

5.0 

1.77 

Osborne,  Jones  and  Leav- 
enworth: Ibid.,  X3dv, 
pp.  24, 252, 1909. 

Lactalbumin  (cow's  milk) .... 

4.9 

0.S5 

Abderhalden  and  Pri- 
bram: ZexiBchr.  /. 
physiol,  Chem.,  li,  p. 
409,1907. 
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Globulin  (flax  seed) 
Glycinin  (soy  bean) 


Phaseolin  (white  bean) 


Globulin  (squash  seed) '      4.9 

Corylin  (hasel  nut) 4.0 

Edestin  (hemp  seed) 5.2 


Amandin  (almond). 


Globulin  (cotton  seed) . 


Globulin  (castor  bean) . 
Vignin  (cow  pea) 


Legumin  (pea). 


Glutelin  (maise). 
Zein  (mai^e) 


Hordein  (barley). 
Gliadin  (wheat) . . 


Glutenin  (wheat). 


4.7 


4.7 


4.3 
4.6 


4.5 


6.5 
5.5 


4.7 
3.3 

5.8 


1.4 
2.1 
1.12 
2.3 

2.26 
2.8 

3.6 

1.67 
2.4 

4.25 


AOOOmDXNO  TO 


Osborne  and  Clapp: 
Amer,  Joum.  of  Phys- 
iol., xix,  p.  468,  1907. 

Osborne  and  Clapp: 
Ibid.,  xviii,  p.  2fi^, 
1907. 

Osborne  and  Clapp: 
Ibid.,  xix,  p.  475, 1907. 

Abderhalden:  Zeitschr, 
f.  physiol,  Chem,, 
xxxvii,  p.  499,  1903. 

Osborne  and  Clapp: 
Amer.  Joum,  of  PhyB- 
ioL,  XX,  470, 1908. 

Abderhalden  and  Ros- 
to  ski:  Zeitschr.  f, 
phynol.  Chem.f  xliv, 
p.  265, 1905. 

Osborne  and  Heyl: 
Amer,,  Joum,  of  Phys- 
iol,, xxii,  p.  262,  1908. 

Abderhalden  and  Bab- 
kin:  Zeitschr,  f,  phys- 
iol, Chem,,  xlvii,  p. 
391,  1906. 

Osborne  and  Clapp: 
Amer,  Joum,  of  Phys- 
iol,, XX,  p.  477,  1908. 

Osborne  and  Clapp: 
Ibid,,  xix,  p.  117, 1907. 

Abderhalden  and  Sam- 
uely:  Zeitschr,  f. 
physiol,  Chem,,  xliv, 
p.  276,  1905. 

Osborne  and  Clapp: 
Amer,  Joum,  of  Phys- 
iol,, xvii,  p.  231, 1906. 
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A  glance  at  the  above  table  shows  that  the  tyrosine  percentages 
given  by  our  colorimetric  method  are  in  every  case  greater  than 
those  reported  in  the  literature. 

This  may  be  due  to  a  number  of  causes.  (1)  Our  reagent  may 
react  with  known  amino-acids  other  than  tyrosine.  (2)  It  may 
react  with  some  amino-acid  which  has  not  yet  been  isolated  from 
protein  hydrolysis  products.  (3)  Phenols  may  be  formed  by  the 
hydrolysis  of  proteins  which  would  react  with  the  reagent.  (4) 
The  universally  used  method  of  determining  the  amount  of  tyro- 
sine in  proteins  by  the  direct  isolation  of  the  amino-acid  may  give 
results  much  too  low,  due  either  to  the  fact  that  the  substance, 
although  insoluble,  cannot  be  quantitatively  isolated  from  the  com- 
plex mixture  of  amino-acids  in  which  it  occurs,  or  that  it  may  in 
part  remain  in  some  polypeptid  combination  much  more  soluble 
than  the  free  acid,  thus  giving  t3nrosine  percentages  considerably 
lower  than  those  obtained  by  the  colorimetric  method,  which  latter, 
as  will  be  shown  later,  accounts  for  tyrosine  held  in  peptid  combina- 
tion. 

In  regard  to  the  first  suggestion,  it  may  be  said  that  we  have 
tested  our  reagent  with  a  great  number  of  amino-acids  occurring 
in  proteins  and  have  not  found  any  one,  other  than  tyrosine,  which 
gives  any  reaction.  Oxyproline  we  were  unable  to  test  directly  as 
none  of  the  substance  was  available,  but  as  gelatin,  which  is  re- 
ported^ to  contain  3  per  cent  of  this  amino-acid,  gives  a  very  faint 
reaction  with  our  reagent  we  consider  it  safe  to  assert  that  none  of 
the  color  produced  in  our  determinations  is  due  to  oxyproline. 

For  lack  of  material  we  have  also  been  unable  to  make  any  tests 
with  oxjrtryptophane. 

In  regard  to  the  second  supposition,  we  can  offer  no  direct  evi- 
dence; in  view  of  the  results  obtained  in  the  recent  critical  work  on 
the  ester  method  by  Osborne,  Abderhalden  and  their  collaborators, 
it  would,  however,  seem  imlikely  that  appreciable  quantities  of  any 
unknown  amino-acids  exist  in  the  protein  molecule. 

Our  third  supposition  concerning  the  existence  of  phenols  in 
the  mixtures  resulting  from  the  acid  hydrolysis  of  proteins,  can, 
we  think,  be  disproved  by  the  results  of  the  following  experiment: 
five  grams  of  Kahlbaum's  casein  were  boiled  for  twelve  hours  with 

'  Fisher  and  Skita:  Zeituhr.f,  physiol.  Chem.,  xxxv,  p.  221, 1902. 
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100  cc.  of  20  per  cent  hydrochloric  acid;  after  concentrating  to  a 
volume  of  about  25  cc,  the  solution  was  repeatedly  shaken  out  with 
ether  and  the  combined  ethereal  extracts  extracted  in  turn  with  2 
per  cent  sodium  hydrate  solution.  This  alkaline  extract  when  acidi- 
fied and  tested  qualitatively  with  our  reagent  gave  absolutely  no 
trace  of  blue  color,  showing  the  entire  absence  of  phenols.  The 
same  experiment  was  repeated  using  various  immiscible  solvents, 
such  as  chloroform,  benzol,  etc.,  in  place  of  ether  but  invariably 
with  negative  results. 

A  similar  solution  of  the  products  resultingfrom  the  acid  hydrol- 
ysis of  casein  was  also  made  alkaline  with  sodium  hydrate  and 
extracted  with  the  above  solvents  on  the  supposition  that  reducing 
substances  of  a  basic  nature  might  be  present,  but  here  again  nega- 
tive results  were  obtained. 

In  order  to  test  our  theory  that  tyrosine  values  obtained  by  the 
usual  method  are  invariably  too  low,  due  to  the  absolute  impossi- 
bility of  quantitatively  separating  this  amino-acid  from  hydroly- 
sis mixtures,  we  have  made  a  tyrosine  determination  in  wool  by 
the  method  usually  used  for  this  purpose  and  have  followed  up 
the  process  at  every  stage  by  the  use  of  our  colorimetric  reagent. 

Five  hundred  grams  uf  fat-free  sheep's  wool  were  boiled  for  twenty  hours 
with  3  liters  of  26  per  cent  sulphuric  acid  in  a  flask  provided  with  a  reflux 
condenser.  At  the  end  of  this  time  the  solution  was  cooled,  made  up  to 
volume  (5  liters)  and  a  colorimetric  tjrrosine  determination  made.  Thirty 
grams  of  tyrosine  were  found  to  be  present.  The  solution  was  then  treated 
with  barium  hydrate  until  no  further  precipitate  was  obtained  with  this 
reagent;  it  was  then  filtered  and  the  residue  repeatedly  boiled  with  water  and 
filtered  until  the  filtrate  no  longer  gave  a  test  with  Millon's  reagent.  At 
this  point  it  still  gave,  however,  a  strong  test  with  our  phoephotungstic- 
phoephomolybdic  reagent,  and  the  extraction  was  therefore  continued  until 
only  a  very  faint  reaction  could  be  obtained  with  the  latter  reagent. 

The  various  filtrates  were  then  combined,  evaporated  down  and  made  up 
to  a  volume  of  4000  cc.  A  colorimetric  tyrosine  determination  in  this  solu- 
tion showed  the  presence  of  20.6  grams  of  this  amino-acid.  The  solution  was 
then  evaporated  down  to  a  volume  of  about  2500  cc.  and  the  solid  material 
separating  out  on  cooling  was  filtered  off  by  suction  and  repeatedly  washed 
with  cold  water.  The  mother  liquor  was  again  concentrated  and  another 
crop  of  crystals  obtained,  this  being  repeated  until  four  lots  of  crystals  had 
been  separated  out.  TMs  material  was  then  boiled  with  bone  black  and 
after  several  recrystallisations  was  dried  at  110^;  its  weight  was  found  to  be 
17.8  grams.  When  assayed  by  the  method  described  above  it  was  found  to 
contain  only  S7.9  per  cent  tjrrosine.    Further  purification  was  not  attempted 
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as  it  was  not  intended  by  this  work  to  make  a  quantitative  determination  of 
tyrosine  by  the  gravimetric  method.  The  various  mother  liquors  were  com- 
bined, made  up  to  volume  and  assayed.  They  were  found  to  contain  15 
g;rBms  of  tjrrosine. 

The  above  experiment,  we  think,  strongly  favors  our  view  that 
the  discrepancies  between  our  colorimetric  tyrosine  determinations 
and  the  values  for  this  substance  which  appear  in  the  literature  are 
due  to  the  fact  that  it  is  practically  impossible  to  separate  tyro- 
sine quantitatively  from  the  hydrolysis  products  of  any  protein. 

The  latter  idea  has  been  expressed  by  Osborne  both  in  a  private 
communication  and  in  several  publications.^ 

That  our  reagent  gives  the  same  color  values  with  tyrosine  in 
peptid  combinations  as  with  the  same  amino-acid  in  the  free  con- 
dition is  proved  by  the  fact  that  the  length  of  time  during  which 
the  hydrolysis  is  continued  has  no  influence  on  the  subsequent 
colorimetric  determinations.  For  example,  1  gram  of  sheep's  wool 
boiled  with  25  cc.  of  20  per  cent  hydrochloric  acid  for  one  hour 
showed  a  tyrosine  content  of  6.0  per  cent;  when  portions  from  the 
same  sample  of  wool  were  boiled  for  five,  twelve  and  twenty 
hours,  respectively,  exactly  the  same  tyrosine  value,  6  per  cent,  was 
obtained  in  every  case. 

The  new  colorimetric  method  employed  in  this  investigation 
for  the  determination  of  tyrosine  possesses  of  course  a  special 
advantage  in  that  the  tyrosine  can  be  determined  in  a  very  short 
time  and  in  a  very  small  amount  of  substance  (0.1-0.2  gram) . 


■  Osborne  and  Cli^p.  Amer,  Jaurn.  ofPhuaM.,  zvii,  p.  246, 1006;  Osborne 
and  Guest:  this  Journal,  ix,  p.  348,  1911. 
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PROTEIN  METABOLISM  FROM  THE  STANDPOINT   OF 
BLOOD  AND  TISSUE  ANALYSIS. 

FOUBTH  PAFBB. 

ABSORPTION  FROM  THE  LARGE  INTESTINE. 

By  OTTO  FOLIN  and  W.  DENIS. 
(From  the  Biochemical  Laboratory  of  the  Harvard  Medical  School^  Boston.) 

(Received  for  publication,  June  29,  1912.) 

In  our  second  metabolism  paper^  we  showed  that  the  ammonia 
f oimd  in  the  portal  blood  represents,  in  a  large  measure,  the  absorp- 
tion of  the  ammonia  produced  by  putrefactive  processes  in  the 
large  intestine  and  we  suggested  that  probably  many  other  pro- 
ducts of  similar  origin  are  absorbed  from  the  same  region.  That 
absorption  of  soluble  products  from  the  large  intestine  does  occur 
is  evidently  not  a  matter  of  doubt  since  "rectal  feeding"  is  a  gener- 
ally accepted  practice  among  clinicians.  Nevertheless  it  seemed 
to  us  worth  while  to  show  experimentally  that  the  absorption  from 
the  large  intestine  is  extensive  enough  to  be  demonstrable  by  means 
of  our  new  methods  of  blood  analysis. 

The  experiments  recorded  below  show  that  while  the  absorption 
from  the  large  intestine,  as  was  to  be  expected,  is  not  nearly  so 
rapid  as  from  the  small  intestine,  it  is  rapid  enough  under  the 
conditions  selected  to  cause  an  appreciable  accumulation  of  the 
absorbed  products  in  the  blood. 

In  all  the  experiments  recorded  below  the  animals  were  anaes- 
thetized by  means  of  ether  administered  through  a  tracheal  can- 
nula and  by  a  subcutaneous  injection  of  morphine  sulphate. 

Unless  otherwise  noted  no  attempt  was  made  to  wash  out  the 
large  intestine  before  the  operation  as  preliminary  experiments 
led  us  to  believe  that  this  is  difficult  to  accomplish  in  a  satisfactory 
manner  without  inducing  a  condition  conducive  to  shock  due  to 
prolonged  exposure  of  the  intestines.  In  every  case  therefore 
a  large  dose  of  castor  oil  was  administered  about  twenty-four 

^  This  Journal,  id,  p.  161,  1912. 
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hours  before  the  experiment  and  the  animal  was  allowed  to  fast 
until  the  operation;  by  this  treatment  we  obtained  in  every  case  a 
large  intestine  free  from  all  but  traces  of  faecal  material.  As  soon 
as  anaesthesia  was  complete  a  sample  of  normal  arterial  blood  was 
drawn  to  serve  as  a  control.  The  abdomen  was  then  opened  and 
ligatures  placed  at  the  ileo-caecal  valve  and  at  the  lower  end  of 
the  rectum. 

A  solution  of  the  substance  whose  absorption  was  to  be  observed 
was  then  introduced  into  the  ligatured  intestine  by  means  of  a 
large  hypodermic  needle  and  a  syringe  and  after  withdrawal  of 
the  needle  the  abdominal  cavity  was  carefully  and  completely 
closed  by  sutures. 

Samples  of  blood  were  then  drawn  at  suitable  intervals  in  the 
manner  described  in  an  earlier  paper^  and  analyzed  for  non-pro- 
tein nitrogen  and  urea  oy  the  methods  described  in  the  same. 
In  the  experiment  relating  to  the  absorption  of  creatinine  the  colo- 
rimetric  determinations  of  creatinine  in  blood  were  made  by  the 
method  described  by  us  in  a  recent  paper.' 

ABSORPTION  OF  UREA. 

Experiment  1.  Cat  58,  weight  1963  grains.  This  animal  was 
fed  with  meat  thirty  hours  before  the  experiment;  with  the  last 
meal  it  received  3  grains  of  castor  oil. 

After  taking  a  preliminary  sample  of  blood  we  injected  into  the 
ligatured  intestine  25  cc.  of  a  10  per  cent  urea  solution. 

Samples  of  blood  were  taken  at  intervals,  as  shown  below. 

Total  non-protein  nitrogen  per  100  cc.  blood  from  right  carotid 

artery  before  injection 42 

Total  urea  nitrogen  in  the  same 20 

Total  non-protein  nitrogen  per  100  cc.  blood  from  left  carotid 

artery  tlurty  minutes  after  injection 42 

Total  urea  nitrogen  in  the  same 20 

Total  non-protein  nitrogen  per  100  cc.  blood  from  right  femoral 

artery  sixty  minutes  after  injection 46 

Total  urea  nitrogen  in  the  same 24 

Total  non-protein  nitrogen  per  100  cc.  blood  from  mesenteric 

vein  of  large  intestine 60 

Total  urea  nitrogen  in  same 37 

*  This  Journal,  id,  p.  627,  1912. 

•  /Wd.,  Jrii,  p.  149,  1912.  ^  r 
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Total  non-protein  nitrogen  per  100  cc.  blood  from  aorta  one 

hundred  and  thirty  minutes  after  injection 52 

Total  urea  nitrogen  in  same 30 

No  attempt  was  made  in  this  experiment,  or  in  those  given  below 
relating  to  the  absorption  of  amino-acids,  to  determine  the  amomit 
of  the  injected  substance  remaining  unabsorbed  at  the  end  of  the 
experiment,  as  the  miavoidable  faecal  contamination  rendered 
such  determinations  untrustworthy. 

ABSORPTION  OF  OLTCOCOLL. 

Experiment  2.  Cat  54,  weight  2443  grams,  etherized  twenty- 
six  hours  after  last  meal  which  consisted  of  dog  biscuit.  Three 
grains  of  castor  oil  had  been  given  by  mouth  twenty  hours  before  the 
operation.  The  large  intestine  was  therefore  found  to  be  practi- 
cally empty.  It  was,  however,  further  cleaned  by  a  stream  of 
warm  water  introduced  by  means  of  a  tube  thrust  through  the  ileo- 
caecal  valve.  A  glass  tube  tied  in  the  anus  allowed  the  injected 
fluid  to  escape  freely.  After  empt3ring  of  all  liquid  we  introduced 
into  the  ligatured  large  intestine  3  grams  of  glycocoU  dissolved  in 
40  cc.  of  warm  water.  Samples  of  blood  were  then  taken  at  suit- 
able intervals,  as  shown  below. 

Total  non-protein  nitrogen  per  100  cc.  blood  of  right  femoral 

artery  before  glycocoll  injection 55 

Total  urea  nitrogen  in  the  same 34 

Total  non-protein  nitrogen  per  100  cc.  blood  from  right  carotid 

artery  thirty  minutes  after  glycocoll  injection 58 

Total  urea  nitrogen  in  the  same 34 

Total  non-protein  nitrogen  per  100  cc.  blood  from  left  carotid 

artery  sixty  minutes  after  the  injection 64 

Total  urea  nitrogen  in  the  same 34 

Total  non-protein  nitrogen  per  100  cc.  blood  from  left  femoral 

artery  ninety-six  minutes  after  the  injection 66 

Total  urea  nitrogen  in  the  same 38 

Total  non-protein  nitrogen  per  100  cc.  blood  from  mesenteric 

vein  of  large  intestine  taken  100  minutes  after  injection 86 

Total  urea  nitrogen  in  the  same 38 

ABSORPTION   OF  ALANINE. 

Experiment  3.  Cat  57,  weight  2663  grains.  This  animal  had 
been  last  fed  (with  meat)  twenty-six  hours  before  and  had  received 
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3  grams  of  castor  oil  twenty  hours  before  the  operation.  3.1 
grams  of  Kahlbaum's  alanine,  dissolved  in  30  cc.  of  warm  water, 
were  injected  into  the  ligatured  intestine.  Analjrsis  of  samples  of 
blood  taken  at  appropriate  intervals  gave  the  following  results. 

Total  non-protein  nitrogen  per  100  cc.  of  blood  taken  from  the 

right  carotid  artery  before  the  injection 3S 

Total  urea  nitrogen  in  the  same 20 

Total  non-protein  nitrogen  per  100  cc.  blood  taken  from  the  left 

carotid  artery  one  hour  after  the  injection 41 

Total  urea  nitrogen  in  the  same 20 

Total  non-protein  nitrogen  per  100  cc.   blood  taken  from  the 

right  femoral  artery  two  hours  after  the  injection 44 

Total  urea  nitrogen  in  the  same 24 

Total  non-protein  nitrogen  per  100  cc.  blood  taken  from  the 
abdominal  aorta  three  hours  and  six  minutes  after  the  injec- 
tion  48 

Total  urea  nitrogen  in  the  same 26 

ABSORPTION  OF  CREATININE. 

Experiment  4.  Cat  56,  weight  3013  grains.  This  animal  was 
fed  on  meat  twenty-six  hours  before,  and  received  3  grams  of 
castor  oil  twenty  hours  before  the  operation. 

After  anaesthetizing,  the  large  intestine  was  washed  out  with 
warm  water  in  the  manner  described  under  Experiment  2.  We 
then  introduced  into  the  ligatured  intestine  3.0  grams  of  creatinine 
dissolved  in  35  cc.  of  warm  water. 

Blood  samples  taken  at  intervals  gave  on  analysis  the  following 
results. 

Total  non-protein  nitrogen  per  100  cc.  blood  from  right  carotid 

artery  taken  just  before  the  creatinine  injection 34 

Total  urea  nitrogen  in  same 20 

Creatinine none 

Total  non-protein  nitrogen  per  100  cc.  blood  taken  from  left  car- 
otid artery  forty-five  minutes  after  the  injection 36 

Total  urea  nitrogen  in  the  same 20 

Creatinine  was  present  in  this  sample  of  blood  but  the  amount 
was  too  small  to  be  determined  quantitatively. 

Total  non-protein  nitrogen  per  100  cc.  in  blood  taken  from  the 
right  femoral  artery  ninety-two  minutes  after  the  injection. . .  45 


Creatinine  nitrogen  in  the  same  (colorimetrically  determined) 
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Miai§rtmu, 
Total  non-protein  nitrogen  per  100  cc.  in  blood  from  the  mesen- 
teric vein  of  the  large  intestine  taken  seventy-two  minutes 

after  the  injection 52 

Creatinine  nitrogen  in  the  same 19 

Total  non-protein  nitrogen  per  100  cc.  blood  taken  from  the  ab- 
dominal aorta  one  hundred  and  thirty-seven  minutes  after 

the  injection 60 

Creatinine  nitrogen  in  the  same 14 

After  drawing  the  last  sample  of  blood  the  entire  large  intestine 
was  excised,  emptied  and  carefully  washed;  to  the  intestinal  con- 
tents and  washings  we  added  a  little  acetic  acid,  boiled  for  two  or 
three  minutes,  made  up  (after  cooling)  to  a  volume  of  500  cc.  and 
determined  creatinine  by  the  Folin  method  in  a  filtered  portion  of 
the  liquid.  2.24  grams  of  creatinine  were  found  to  have  been  left 
in  the  intestine,  therefore  0.76  gram  was  absorbed. 

ABSORPTION   OP  WITTB's  PEPTONE. 

Experiment  5.  Cat  55,  weight  3400  grains.  This  animal  was 
last  fed  on  meat  thirty  hours  before,  and  received  3  grams  of  castor 
oil  twenty-four  hours  before  the  operation. 

After  taking  a  preliminary  sample  of  blood  we  injected  into  the 
ligatured  intestine  8  grains  of  Witte's  peptone  dissolved  in  35  cc. 
of  warm  water. 

Analysis  of  samples  of  blood  taken  at  intervals  gave  the  follow- 
ing results. 

Total  non-protein  nitrogen  per  100  cc.  blood  from  right  carotid 

artery  before  injection 30 

Total  urea  nitrogen  in  the  same 18 

Total  non-protein  nitrogen  per  100  cc.  blood  taken  from  left  car- 
otid artery  thirty  minutes  after  peptone  injection 30 

Total  urea  nitrogen  in  the  same 18 

Total  non-protein  nitrogen  per  100  cc.  blood  from  right  femoral 

artery  taken  sixty  minutes  after  the  injection 34 

Total  urea  nitrogen  in  the  same 18 

Total  non-protein  nitrogen  per  100  cc.  blood  from  the  left  femoral 

artery  taken  ninety-five  minutes  after  the  injection 35 

Total  urea  nitrogen 20 

Total  non-protein  nitrogen  per  100  cc.  blood  from  mesenteric 
vein  of  the  large  intestine  taken  one  hundred  and  two  minutes 

after  the  injection 38 

Total  urea  nitrogen  in  the  same —  C^Or?&Ip 
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FIFTH  PAPER. 

ABSORPTION  FROM  THE  STOMACH. 

By  otto  FOLIN  and  HENRY  LYMAN. 
(From  the  Biochemical  Laboratory  of  the  Harvard  Medical  School.) 

(Received  for  publication,  June  29, 1912.) 

During  the  last  few  years  London,  together  with  Abderhalden 
and  with  various  assistants,  has  published  some  forty  papers  on 
digestion  and  absorption.  One  of  the  points  repeatedly  empha- 
sized in  these  communications  is  the  conclusion  that  there  is  no 
absorption  of  digestion  products  from  the  stomach.^  They  have 
made  no  attempt  to  explain  and  in  fact  have  taken  no  notice  of 
the  more  or  less  different  results  reported  by  earlier  investigators,' 
evidently  assuming  that  their  own  results  are  so  conclusive  as 
to  leave  no  room  for  any  further  difference  of  opinion  on  the  sub- 
ject. The  methods  used  by  Folin  and  Denis  for  demonstrating 
that  amino-acids  are  absorbed  unchanged  from  the  small  and 
from  the  large  intestine  (see  the  preceding  paper)  are  equally 
applicable  to  the  study  of  the  absorption  of  nitrogenous  products 
from  the  stomach  and  in  this  paper  we  wish  to  report  some  experi- 
ments which  so  far  as  we  are  concerned  leave  no  room  for  doubt 
concerning  the  absorption  of  protein  digestion  products  from  the 
stomach. 

As  in  the  previous  work  reported  on  the  subject  of  absorption, 
cats  were  employed  throughout.  In  every  case  the  animal  was 
anaesthetized  by  means  of  ether  administered  through  a  tracheal 
cannula  and  by  a  subcutaneous  injection  of  morphine  sulphate. 

^  See  particularly  Zeitschr.  f.  phyeiol.  Chem,,  Ixii,  p.  448, 1909. 
s  See  Salaskin:  Ibid.,  li,  p.  167, 1907. 
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The  technique  employed  in  the  collection  of  the  samples  of  blood 
and  in  the  subsequent  analysis  of  the  same  was  that  described  in  a 
recent  paper  by  Folin  and  Denis.' 

In  all  the  experiments  recorded  below  the  general  method  of 
procedure  has  been  the  same.  After  first  taking  a  preliminary 
sample  of  arterial  blood  to  serve  as  a  control,  the  abdomen  was 
opened  and  ligatures  placed  at  the  cardiac  end  of  the  stomach  and 
at  the  pylorus.  The  substance  whose  absorption  was  to  be  studied 
was  then  dissolved  in  a  small  amount  of  warm  water  and  injected 
into  the  stomach  by  means  of  a  large  hypodermic  needle  and  a 
syringe. 

The  abdomen  was  then  quickly  and  completely  closed  by  means 
of  sutures  and  5  cc.  samples  of  blood  taken  at  suitable  intervals 
from  the  femoral  and  carotid  arteries.  At  the  end  of  the  experi- 
ment the  splenic  and  enteric  tributaries  of  the  portal  vein  were 
ligated  (the  former  close  to  the  splten)  and  a  sample  of  blood  taken 
from  the  portal  vein  which  was  by  this  means  robbed  of  all  but  its 
gastric  branches.  No  attempt  was  made  to  wash  out  the  stomach 
before  the  operation.  Therefore,  except  in  the  case  of  creatinine, 
no  determinations  were  made  at  the  end  of  the  experiment  to  ascer- 
tain to  what  extent  absorption  had  taken  place. 

ABSORPTION  OF  GLTCOCOLL. 

ExPEBiMENT  1.  Cat  59,  weight  3703  grams.  This  animal  had 
received  its  last  meal  (raw  meat)  twenty-four  hours  before  the 
operation. 

After  taking  a  preliminary  sample  of  blood,  61  grams  of  Kahl- 
baum's  glycocoU  dissolved  in  40  cc.  of  warm  water  were  injected 
into  the  ligatured  stomach. 

Samples  of  blood  taken  at  appropriate  intervals  gave  on  analysis 
the  following  results. 

MWifrmm: 
Total  non-protein  nitrogen  per  100  cc.  blood  from  femoral  artery 

before  injection 30 

Total  non-protein  nitrogen  per  100  cc.  blood  from  carotid  artery 

thirty  minutes  after  injection 3S 

Total  non-protein  nitrogen  per  100  cc.  blood  from  carotid  artery 

one  hundred  and  sixteen  minutes  after  injection 44 

•  This  Journal,  xi,  p.  527,  1912. 
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MiOiirmmt. 

Total  non-protein  nitrogen  per  100  cc.  aortic  blood  one  hundred 
and  fifty-eight  minutes  after  injection 61 

Total  non-protein  nitrogen  per  100  cc.  portal  blood  one  hundred 
and  seventy-three  minutes  after  injection 58 


ABSORPTION  OF  ALANINE. 

ExPERiMBNT  2.  Cat  61,  weight  4040  grams.  This  animal  was 
last  fed  with  meat  twenty-six  hours  before  the  operation.  After 
taking  a  preliminary  sample  of  blood  from  the  femoral  artery  we 
injected  into  the  ligatured  stomach  6.36  grains  of  Kahlbaum's 
alanine  dissolved  in  50  cc.  of  warm  water. 

Analysis  of  samples  of  blood  taken  at  intervals  during  the  next 
three  hours  gave  the  following  results. 

Mittiiram*. 

Total  non-protein  nitrogen  per  100  cc.  femoral  blood  before 

injection 33 

Total  urea  nitrogen  in  same 18 

Total  non-protein  nitrogen  per  100  cc.  carotid  blood  thirty 

minutes  after  injection 38 

Total  urea  nitrogen  in  same 18 

Total  non-protein  nitrogen  per  100  cc.  femoral  blood  one  hun- 
dred and  twenty  minutes  after  injection ,  49 

Total  urea  nitrogen  in  same 20 

Total  non-protein  nitrogen  per  100  cc.  femoral  blood  one  hun- 
dred and  eighty  minutes  after  injection 52 

Total  urea  nitrogen  in  same 19 

ABSORPTION  OF  WITTB's  PEPTONE. 

Experiment  3.  Cat  60.  weight  2313  grains.  This  animal 
had  fasted  for  twenty-six  hours  before  the  experiment.  After 
taking  the  usual  preliminary  blood  sample,  8  grams  of  liVltte's  pep- 
tone dissolved  in  40  cc.  of  warm  water  were  injected  into  the  liga- 
tured stomach. 

MiOigrmmt, 
Total  non-protein  nitrogen  per  100  cc.  femoral  blood  before 

injection 34 

Total  urea  nitrogen  in  same 31 

Total  non-protein  nitrogen  per  100  cc.  carotid  blood  thirty  min- 
utes after  peptone  injection 38 

Total  urea  nitrogen  in  same 38 
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MiUiirmma, 
Total  non-protein  nitrogen  per  100  oc.  carotid  blood  sixty  minutes 

after  peptone  injection 37 

Total  urea  nitrogen  in  same 31 

Total  non-protein  nitrogen  per  100  cc.  femoral  blood  ninety 

minutes  alter  peptone  injection 40 

"[total  urea  nitrogen  in  same 33 

Total  non-protein  nitrogen  per  100  cc.  portal  blood  one  hun- 
dred and  five  minutes  after  peptone  injection 49 

Total  urea  nitrogen  in  same 33 

ABSORPTION  OF  CREATININE. 

Experiment  4.  Cat  61,  weight  1940  grams.  This  animal 
had  fasted  for  twenty-six  hours  before  the  experiment.  After 
taking  a  preliminary  sample  of  blood  from  the  femoral  artery  we 
injected  into  the  ligatured  stomach  a  solution  of  2.8  grains  of  creat- 
inine dissolved  in  50  cc.  of  warm  water.  From  the  samples  of  blood 
drawn  at  intervals  during  the  next  five  hours  the  following  results 
were  obtained. 

Total  non-protein  nitrogen  per  100  cc.  femoral  blood  before 

injection 38 

Creatinine  in  same 0 

Total  non-protein  nitrogen  per  100  cc.  carotid  blood  one  hour 

after  injection 38 

Creatinine  in  same 0 

Total  non-protein  nitrogen  per  100  cc.  femoral  blood  two  hours 

and  thirty  minutes  after  injection 38 

Creatinine  in  same 0 

Total  non-protein  nitrogen  per  100  cc.  femoral  blood  four  hours 

after  injection 38 

Creatinine  in  same 0 

Total  non-protein  nitrogen  per  100  cc.  carotid  blood  five  hours 

after  injection 41 

Creatinine  in  same trace 

Total  non-protein  nitrogen  per  100  cc.  portal  blood  five  hours 

and  ten  minutes  after  injection 45 

Creatinine  in  same trace 

At  the  end  of  the  experiment  the  stomach  was  excised  and  care- 
fully washed  out,  the  contents  and  washings  were  combined,  treated 
with  a  few  cuUc  centimeters  of  acetic  acid  and  heated  to  boiling. 
After  cooling  the  liquid  was  made  up  to  a  volume  of  250  cc.,  fil- 
tered and  a  colorimetric  creatinine  determination  carried  out  on  a 
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portion  by  the  Folin  method.  2.50  grams  of  creatinine  were  fomid 
to  have  been  recovered. 

In  view  of  the  fact  that  it  had  been  fomid  that  creatinine  is 
rapidly  absorbed  both  from  the  small^  and  from  the  large*  intes- 
tine, the  above  result  was  a  surprise  to  us.  We  therefore  immedi- 
ately repeated  the  experiment  in  order  to  make  sure  that  the  nega- 
tive result  obtained  was  not  due  to  any  idiosyncrasy  on  the  part 
of  the  animal  used. 

ExPEBiMENT  5.  Cat  62,  weight  3040  grams.  The  animal  had 
fasted  for  twenty-four  hours  before  the  operation.  2.8  grams  of 
creatinine  dissolved  in  50  cc.  of  warm  water  were  injected  into  the 
ligatured  stomach.    The  following  results  were  obtained. 

MUKiranu. 
Total  non-protein  nitrogen  per  100  cc.  carotid  blood   before 

injection 52 

Creatinine  in  same 0 

Total  non-protein  nitrogen  per  100  cc.  femoral  blood  one  hour 

and  thirty  minutes  after  injection 62 

Creatinine  in  same 0 

Total  non-protein  nitrogen  per  100  cc.  femoral  blood  three  hours 

after  injection 63 

Creatinine  in  same trace? 

Outside  of  the  fact  of  proving  the  lack  of  absorption  of  creatinine 
by  the  stomach,  the  two  experiments  given  above  are  of  interest 
as  they  serve  as  controls  and  prove  that  with  the  stomach  filled 
with  liquid,  animals  may  be  kept  under  anaesthesia  for  as  long  as 
three  hours  without  exhibiting  changes  in  the  non-protein  nitrogen 
fraction  of  the  blood. 

ABSORPTION  OF  UREA. 

Experiment  6.  Cat  63,  weight  2680  grains.  This  animal  had 
fasted  for  twenty-two  hours  before  the  operation.  1.8  grains  of 
urea  dissolved  in  25  cc.  of  warm  water  were  injected  into  the  liga- 
tured stomach. 

The  following  results  were  obtained: 

MHUiruma. 

Urea  nitrogen  injected 1000 

Urea  nitrogen  recovered  from  stomach 904 


« Thia  Journal,  m,  p.  141,  1912. 
*  See  preceding  paper. 


Digitized  byVjOOQlC 


264  Absorption  from  the  Stomach 

MiUi§rama. 

Hence,  urea  nitrogen  absorbed 696 

Total  non-protein  nitrogen  per  100  cc.  carotid  blood  before 

injection 49 

Urea  nitrogen  in  same 27 

Total  non-protein  nitrogen  per  100  cc.  carotid  blood  one  hour 

and  thirty  minutes  after  injection 66 

Urea  nitrogen  in  same 42 

Total  non-protein  nitrogen  per  100  cc.  carotid  blood  three  hours 

after  injection 68 

Urea  nitrogen  in  same 46 

Total  non-protein  nitrogen  per  100  cc.  carotid  blood  four  hours 

after  injection 78 

Urea  nitrogen  in  same 64 

Total  non-protein  nitrogen  per  100  cc.  portal  blood  four  hours 

and  ten  minutes  after  injection 86 

Urea  nitrogen  in  same 64 

To  determine  the  imabsorbed  urea  the  stomach  was  excised, 
emptied  and  thoroughly  washed.  The  various  washings  were 
combined,  acidified  with  acetic  acid  and  heated  to  boiling.  After 
cooling  the  liquid  was  made  up  to  a  volume  of  500  cc.  and  filtered. 
Urea  was  determined  in  this  liquid  by  the  colorimetric  method.' 

The  results  recorded  in  the  above  experiments  clearly  prove  that 
nitrogenous  digestion  products  are  absorbed  fromi  the  stomadi. 
The  peculiar  results  reported  by  London  and  his  associates  are 
not  necessarily  inconsistent  with  ours  but  the  interpretation  drawn 
from  them  is,  we  believe,  erroneous. 


•  This  Journal,  id,  p.  616, 1912. 
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ON  THE  ACTION  OP  LEUCOCYTES  ON  GLUCOSE. 

SECOND  COMMT7NICATION. 

By  p.  a.  LEVENE  and  G.  M.  MEYER. 
(From  the  Rockefeller  Institute  for  Medical  tUeearchf  New  York,) 

(Received  for  publication,  July  2,  1912.) 

The  results  reported  in  a  previous  communication^  were  convinc- 
ing of  the  fact  that  lactic  acid  is  formed  through  the  action  of  leu- 
cocytes on  glucose.  However,  the  quantity  of  lactic  acid  isolated 
in  form  of  its  zinc  salt  was  lower  than  that  of  the  disappeared  sugar. 
Hence,  to  complete  the  knowledge  of  the  action  of  leucoc3rtes 
on  glucose  it  was  necessary  to  ascertain  the  fate  of  the  missing 
siigar  that  had  not  been  identified  as  lactic  acid.  The  theory 
admits  of  a  great  variety  of  possibilities  and  an  attempt  was  made 
to  test  by  experiment  some  of  them. 

The  disappearance  of  sugar  may  be  caused  by  either  one  of  the 
three  reactions,  oxidation,  reduction  or  dissociation,  such  as 

CtHi,0.  ±^  CiHioO*  +  CH,0 
C,Hi,Oi  t=;  CH,0.  +  C,H.O« 

It  was  therefore  concluded  to  inquire  into  the  t3rpe  of  reaction 
which  caused  the  disappearance  of  the  missing  sugar  under  the 
influence  of  leucocytes,  without  attempting  to  isolate  the  products 
of  the  reaction.  A  means  for  distinguishing  the  three  t3rpes  of 
reactions  is  found  in  the  fact  that  the  products  formed  in  each  one 
of  them  require  a  different  quantity  of  oxygen  for  transforma- 
tion into  carbon  dioxide. 
Thus: 

I.  4CtHi,0,    +  24  Oi  -  24  CO,  +  24  H,0 
II.  4  CtHiiOi    +  25  O,  =  24  COi  +  28  H,0 

III.  4  CtHtO^     +  16  O,  -  24  COi  +  16  H,0 

IV.  4  (C,H,0)j  +  24  Oi  -  24  CO,  +  24  H,0 

^  This  Jourrud,  xi,  p.  361,  1912. 
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It  is  seen  from  this  that  taking  glucose  for  the  unit  value  of  oxygen 
requirement  for  oxidation  into  carbon  dioxide,  a  higher  value  is 
needed  for  oxidation  of  an  equal  nmnber  grams  molecule  of  the 
reduction  products,  a  lower  value  when  oxidation  was  responsible 
for  the  disappearance  of  sugar  and  an  equal  value  when  the  break- 
ing down  of  sugar  was  caused  by  a  reaction  of  dissociation. 

Recently  Greifenhagen,  Konig  and  Scholl'  have  determined  the 
conditions  for  oxidation  of  several  carbohydrates,  of  methyl  alcohol, 
and  of  glycerin  into  carbon  dioxide  by  means  of  a  potassium  per- 
manganate solution.  The  authors  recommend  the  method  for 
quantitative  estimation  of  sugar. 

It  was  concluded  to  resort  to  this  method  for  estimation  of  the 
oxygen  requirement  for  transformation  into  carbon  dioxide  of  the 
products  formed  by  the  action  of  leucocytes  on  glucose.  How- 
ever, before  applying  it,  the  method  was  tested  in  regard  to  the 
following  requirements: 

1.  Whether  it  permits  of  detecting  acciu'ately  such  small  differ- 
ences in  sugar  concentration  as  occur  in  course  of  oiu*  leucocyte 
experiments. 

2.  Whether  it  permits  of  detecting  saccharic  acid  in  such  con- 
centrations as  may  occur  in  the  leucocyte  experiments. 

The  method  was  found  to  satisfy  these  two  requirements  and 
it  was  therefore  applied  to  the  analysis  of  the  products  of  reaction 
of  leucocytes  on  glucose. 

It  was  found  that  while  the  reducing  power  of  the  sugar  solution 
suffered  the  usual  loss  of  about  10  per  cent,  the  oxygen  consimip- 
tion  of  the  original  sugar  remained  unaltered  at  the  end  of  the 
experiment.  A  control  of  the  leucocyte  extract  treated  in  the 
same  manner  as  in  the  principal  experiment  did  not  demonstrate 
any  estimable  reducing  power  on  permanganate  solution.  On  the 
basis  of  these  experiments  one  was  forced  to  the  conclusion  that 
the  products  of  the  action  of  leucocytes  on  glucose  are  neither  oxi- 
dation nor  reduction  products. 

It  also  was  known  from  the  results  of  previous  experiments  that 
the  substances  formed  in  the  reaction  were  not  volatile  and  did 
not  possess  reducing  power  for  Fehling's  solution. 

The  possibilities  that  suggested  themselves  on  the  basis  of  these 

<  Biochem.  ZeiUchr.,  xxxv,  p.  160,  1911. 
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data  were,  either  that  all  the  Tnisfling  glucose  was  transformed  into 
lactic  acid,  or  that  part  of  it  was  transformed  into  glyceric  aide* 
hyde  which  in  its  turn  suffered  Cannizzaro's  transformation  into 
glyceric  acid  and  glycerol.  The  attempts  to  detect  glycerol  in 
our  reaction  products  were  not  successful. 

These  considerations  seemed  to  point  to  the  conclusion  that  all 
the  missing  sugar  was  transformed  into  lactic  acid  and  yet  only  about 
40  per  cent  of  the  missing  sugar  was  extracted  in  form  of  the  acid. 
Thus  we  were  led  once  more  to  test  the  efficiency  of  our  method  of 
extracting  lactic  acid.  In  the  previous  commimication  mention 
was  made  of  the  fact  that  about  90  per  cent  of  lactic  acid  was 
recovered  when  the  acid  was  added  to  a  suspension  of  leucocytes 
and  the  mixture  was  treated  in  the  same  manner  as  the  reaction 
mixture  of  the  principal  experiments.  In  the  course  of  the  pres- 
ent work  an  experiment  was  made  with  a  view  of  establishing  the 
action  of  Ieucoc3rtes  on  lactic  acid.  In  that  experiment  the  lactic 
acid  was  allowed  to  remain  in  contact  with  the  leucocytes  for 
thirty-six  hours  at  37^C.,  and  in  that  instance  nearly  all  the  added 
lactic  acid  was  recovered  by  extraction.  This  experiment  may 
also  serve  as  a  t-est  of  the  efficiency  of  estimating  lactic  acid  by  the 
extraction  method.  However,  there  were  lacking  experiments 
testing  the  efficiency  of  the  extraction  of  lactic  acid  from  mix- 
tures containing  only  about  10  per  cent  of  the  acid  and  90  per  cent 
of  glucose.  Buchner  and  Meisenheimer*  have  made  such  experi- 
ments with  mixtures  of  lactic  acid  and  saccharose  and  have  regained 
by  extraction  about  90  per  cent  of  the  acid  present  in  the  mixture. 
We  have  repeated  their  experiments  and  have  obtained  as  good 
results  as  they.  However,  when  such  experiments  were  performed 
with  mixtures  containing  glucose  instead  of  saccharose,  only  about 
40  to  50  per  cent  of  the  lactic  acid  present  in  it  were  extracted — 
approximately  the  same  values  as  those  obtained  in  oiu*  principal 
experiments.  This  is  due  perhaps  to  the  fact  that  the  physical 
natiu'e  of  the  glucose  mixtiu*e  does  not  permit  of  a  very  intimate 
mixing  with  the  sodiimi  sulphate  powder  and  that,  in  its  turn, 
makes  the  extraction  of  lactic  acid  imperfect.  Thus  the  extrac- 
tion method  can  serve  only  to  identify  the  lactic  acid  formed  in 
course  of  the  experiment  and  cannot  be  relied  upon  for  its  quanti- 

'  Ber.  d.  deiUseh.  ehem,  OeaeUach.,  xliii,  p.  1784, 1910. 

THB  JOUBHAL  OF  BXOLOOXCAL  CtaUtOTRY.  VOL.  XH,  HO.  2.  C^  r-^r-^r^] r> 

Digitized  by  VjOOQIc 


268  Action  of  Leucocytes  on  Glucose 

tative  determination.  For  this,  use  has  to  be  made  of  the  oxida- 
tion method  by  means  of  permanganate  solution.  A  test  experi- 
ment showed  that  the  values  obtained  by  the  oxidation  method 
are  identical  with  those  obtained  by  titration.  On  the  basis  of 
these  considerations  we  feel  justified  in  the  conclusion  that  lactic 
acid  is  the  only  product  of  the  action  of  leucoc3rtes  on  glucose. 

CONCLUSIONS. 

1.  Under  the  influence  of  leucocytes  glucose  undergoes  dissocia^ 
tion  into  lactic  acid  only. 

2.  The  lactic  acid  formed  under  these  conditions  remains  intact. 

3.  There  is  no  evidence  of  the  formation  of  any  oxidation  prod- 
ucts of  glucose  in  the  same  experiments. 

4.  It  is  remarkable  that  under  conditions  approaching  those 
existing  in  the  animal  body  the  transformation  of  glucose  is  so 
simple  and  uniform  while  the  formation  of  lactic  acid  from  glucose 
by  purely  chemical  methods  is  always  accompanied  by  niunerous 
side  reactions. 


EXPERIMENTAL  PABT. 

The  technique  of  the  experiments  was  the  same  as  in  the  preced- 
ing communication.  The  details  of  permanganate  titration  method 
are  as  follows: 

The  protein-free  sugar  solution  was  made  up  to  a  definite  volume  and  a 
quantity  containing  approximately  30  mgm.  of  sugar  used  for  each  oxida- 
tion. This  was  accomplished  by  boiling  with  40  cc.  of  f  permanganate 
solution  and  60  cc.  of  10  per  cent  potassium  hydrate  in  a  round  bottom, 
long  necked,  500  cc.  Jena  flask,  fitted  with  a  long  wide  tube  to  prevent  loss 
of  Uquid  by  possible  bumping.  Bumping  was  kept  at  a  minimum  by  adding 
a  suflScient  quantity  of  glass  pearls  and  boiUng  vigorously  over  a  wire  gause. 
Boiling  was  continued  for  ten  minutes. 

To  the  hot  solution  were  then  added  60  cc.  of  25  per  cent  sulphuric  acid  and 
sufficient  ^  oxalic  acid  solution  to  completely  decolorise  the  solution  which 
was  titrated  back  to  pink  with  tV  permanganate  solution.  The  amount  of 
permanganate  used  for  the  oxidation  of  the  sugar  is  the  difference  between 
the  total  f  permanganate  solution  (cc.  tV  permanganate  reduced  to  cc.  %) 
less  the  number  cc.  ^  oxalic  acid  added.  The  determination  takes  about 
twenty  minutes. 
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Total  oxidaHon  qf  sugar  by  method  of  Oreifenhageiif  showing 
differences  of  1  mgm.  sugar. 

Different  volumes  of  a  2  per  cent  solution  of  glucose  were  oxi- 
dized by  the  process  described  earlier  in  this  paper.  The  results 
are  presented  in  the  following  table.  All  reported  values  repre- 
sent averages  of  several  determinations. 


QLUCOSB 

flOLunoir 

GLUCOU 

jKMirOi 

^  OXAUC  ACIB 

DZFVBBBHCW 

DDTISBBMCW 
FOB  1  MOM. 

ec 

mfm. 

«e. 

oe. 

ee. 

«e. 

15.0 

30 

40.99 

21.03 

19.96 

16.5 

31 

42.48 

22.10 

20.38 

0.42 

16.0 

32 

43.82 

22.75 

21.07 

0.68 

16.5 

33 

43.88 

22.10 

21.78 

0.71 

17.0 

34 

44.18 

21.70 

22.48 

0.70 
Average: 
0.6275 

Calculated  difference  for  1  mgm.  glucose  ■-  0.666  cc. 

Oxidation  of  saccharic  add. 

Acid  potassium  saccharate  was  prepared  in  the  laboratory  by 
the  usual  process.  The  crude  salt  was  recrystallized  several  times 
before  it  was  used  for  the  experiment.  It  was  dried  to  constant 
weight  in  a  vacuum  desiccator  over  phosphorus  pentoxide.  0.496 
gram  of  the  salt  was  dissolved  in  100  cc.  of  water.  Of  this  solution 
10  cc.  were  employed  for  oxidation  with  40  cc.  of  f  permanganate 
solution  and  60  cc.  of  a  10  per  cent  solution  of  potassium  hydroxide. 
For  decoloration  it  was  necessary  to  add  23.5  cc.  of  7  oxalic  acid. 
The  colorless  solution  was  titrated  to  permanent  pink  color  by 
2.0  cc.  of  f  permanganate  solution;  it  required  18.5  cc.  of  tt  per- 
manganate solution  to  oxidize  0.0496  gram  of  acid  potassium  sac- 
charate. 

The  equivalent  amount  of  glucose  requires  for  oxidation  24.9  cc. 
of  permanganate. 

Oxidation  of  mixtures  of  saccharic  acid  and  glucose. 

For  this  series  of  experiments  two  solutions  were  prepared:  (A) 
30  mgm.  glucose  dissolved  in  250  cc.  of  water  and  (B)  41  mgm. 
acid  potassium  saccharate  dissolved  in  250  cc.  of  water.    Twenty- 
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five  cubic  centimeters  of  each  of  these  solutions  were  oxidized 
separately  according  to  the  method  previously  described.  A 
mixture  of  these  solutioDs  consisting  of  23.30  cc.  of  the  glucose 
solution  and  1.64  cc.  of  the  acid  potassium  saccharate  solution 
wa?  also  subjected  to  this  process.  The  fractional*parts  of  a  cubic 
centimeter  were  measured  off  on  a  specially  graduated  pipette. 
The  following  table  summarizes  the  results. 


Bovunon 

GLUOOU  (a) 
OB  SAO- 

OHARAn(B) 

^KMk0« 

IOpbbcbmt 
KOH 

ADDI- 
TIONAL 
WKMHO4 

^OXAUC 

DIFTBB- 
BNCB 

"KMiiOi 

cc. 

mgm. 

cc. 

00. 

ce. 

ce. 

oc 

26.00 

(A) 

30.0 

40 

60 

2.9 

22.5 

20.6 

26.00 

(B) 

41.0 

40 

60 

0.7 

26.5 

15.2 

23.30 
1.64 

(A) 
(B) 

28.0\ 
2.2/ 

40 

60 

3.8 

24.1 

19.7 

Oxidation  of  leucocytes  and  phosphate  solviion  alone. 

For  this  series  of  experiments  there  was  prepared  a  mixture 
consisting  of  a  leucocyte  suspension  and  of  a  Henderson  phosphate 
solution  combined  in  the  same  proportions  as  employed  in  the 
glycolysis  experiments.  The  mixture  was  allowed  to  stand  at 
37**C.  for  thirty-six  hours. 

The  proteins  were  then  removed  by  coagulation  and  subsequent 
filtration.  Twenty-five  cubic  centimeters  of  the  filtrate  were 
boiled  with  40  cc.  f  permanganate  solution  and  60  cc.'of  a  10  per 
cent  solution  of  potassium  hydroxide.  For  decoloration  were 
employed  45.0  cc.  of  f  oxalic  acid.  The  excess  of  oxalic  acid  was 
oxidized  by  6  cc.  of  f  permanganate  solution.  Hence  1  cc.  of  tt 
permanganate  solution  was  required  to  oxidize  25  cc.  of  the  tested 
solution.  Considering  that  the  25  cc.  of  the  filtrate  used  is  five 
times  the  quantity  used  in  the  sugar  oxidations,  the  possible  error 
in  those  determinations  due  to  organic  matter  in  the  leucocytes 
would  be  equal  to  0.2  cc.  f  permanganate  solution,  which  amount 
is  insignificant. 

Action  of  leucocytes  on  glucose. 

In  this  series  of  experiments  the  reduction  values  for  Fehling's 
solution  were  compared  with  those  for  a  permanganate  solution. 
The  comparative  estimation  was  made  at  the  beginning  and  at 
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the  end  of  the  experiments.  A  suspension  of  sterile  leucocytes  in 
a  Henderson  phosphate  solution  containing  sugar  was  allowed  to 
stand  thirty-six  hours  at  ST'^C.  The  reduction  of  the  Fehling's 
solution  was  measured  by  Volhard's  method  and  of  the  permanga- 
nate solution  by  the  process  described  earlier  in  the  paper. 

The  reducing  power  of  the  solution  was  also  tested  after  the 
glycolyzed  solution  had  been  boiled  for  two  hours  with  a  2  per  cent 
hydrochloric  acid  solution.  This  experiment  aimed  to  ascertain 
whether  or  not  condensation  was  responsible — perhaps  in  part — 
for  the  disappearance  of  glucose. 

Sugar  determination. 


OBIOINAL 

SOLXmON 

U8BO 

NH4CNS 

NH4CNS 

PBBOC. 

OLUCOSB 

LOM 

Before 

cc, 

1 
1 

CC. 

22.5 
21.2 

ee. 

22.5 

21.2 

percent 
8.05 
7.58 

percent 

After  36  hrs 

5.82 

OxidcUion, 


ORIGINAL 

SGLXTTION 

V8BD 


ADDI- 
TIONAL 

;kmn04 


Before 
After 
36  hrs. 


0.5 
0.5 


40 
40 


9.15 
6.37 


cc. 
22.70 

20.00 


ec, 
26.45 

26.39 


percent 
7.92 

7.90 


percent 


0.02 


Sugar  reduction. 


OBIOINAL 
SOLUTION 

NH4CNS 

NH4CNS 

PBBOC. 

OLUOOSB 

LOflS 

Before 

cc, 
2 

cc. 
26.00 

CC. 

13.00 
11.70 

percent 
4.65 
4.18 

percent 

After  36  hrs 

2         1     23  40 

10.10 

Oxidation. 


ORIGINAL 

SOLUTION 

USBO 

WKMNO4 

ADDI- 
TIONAL 

fjjKMN04 

TOTAL 

;kmn04 

^OXALIC 

^KMn04 

UTIUSBD 

GLUCOBB 

Before . 
After 
36  hrs. 

ee. 
0.5 

0.5 

cc. 
45.00 

45.00 

cc. 
4.20 

0.60 

CC. 

47.10 
45.30 

CC. 

32.00 
30.50 

ce, 
15.10 

14.80 

percent 
4.50 

4.46 

Digitized  byVjOOQlC 


272  Action  of  Leucocytes  on  Glucose 

Sugar  reduciian. 


Before 

After  36  hrs, 
Hydrolysed. 


OmiQINAL 
SOLUTION 


2 
2 
2 


NH<CNS 


ee. 

26.10 
22.80 
23.20 


NH4CN8 

PBBOC. 


ce. 
13.05 
11.40 
11.60 


ptretni 
4.67 
4.07 
4.15 


15.00 


Oxidation, 

OUaiNAL 

BOLUnOM 

UBBO 

^KUnOi 

ADDI- 
TIONAL* 

»KM«0. 

M  OXALIC 
ACID 

OlfVBB- 
■MOB 

■UOAB 

Before 

ee. 

1 
1 

ee. 
40.00 
40.00 

oe. 
4.70 
2.60 

ee. 

13.70 

9.50 

ee. 
31.00 
31.10 

perctnt 

4.65 

After  36  hrs 

4.68 

*  ^  pwmaniMMfcte  tolutlon 


•f^ 


^^ tltmtkm  acainst  J  onOlo  add.    In  thto  and  In  the 

■ubMQttent  tabka  tha  yaluaa  are  all  raoaleulated  aa  ^  permanganata  aolutlon. 

Oxidation  of  lactic  acid. 

For  these  experiments  there  was  prepared  an  approximately  f 
solution  of  lactic  acid.  The  lactic  acid  content  of  the  solution  was 
determined  according  to  F.  Ulzer  and  H.  Seidell  To  10  cc.  of  the 
solution  an  excess  of  A  sodium  hydroxide  solution  was  added, 
using  phenolphthalein  as  indicator.  The  mixture  was  brought  to 
a  boil  and  titrated  back  with  t^  hydrochloric  acid  solution.  It 
was  found  that  1  cc.  of  the  lactic  acid  solution  contained  0.016 
gram  lactic  acid.  For  the  experiments  the  original  solution  of  lac- 
tic acid  was  diluted  with  nine  volumes  of  water.  Two  cubic  centi- 
meters of  the  diluted  solution  were  employed  for  each  oxidation 
experiment.  The  solution  was  boiled  with  40  cc.  of  f  potassium 
permanganate  and  60  cc.  of  10  per  cent  potassium  hydroxide.  For 
decolorq^tion  22.2  cc.  of  f  oxalic  acid  were  used.  In  order  to  oxidize 
the  excess  of  oxalic  acid  it  wpq  required  to  add  37  cc.  of  f  potas- 
sium permanganate  solution.  Hence  in  order  to  oxidize  20  cc. 
of  lactic  acid  solution  there  were  employed  21.5  cc.  of  f  potassium 
permanganate.  As  1  cc.  of  f  potassium  permanganate  oxidizes 
1.5  mgm.  lactic  acid,  the  2  cc.  of  the  original  solution  oxidized  con- 
tained 0.0322  gram  of  lactic  acid.  The  value  obtained  bytitra- 
tion  was  0.0320  gram. 


*  Monatsh.  d.  Chem.,  xviii,  pp.  130-141. 
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Action  of  Uucoqftes  on  Iodic  acid, 

A  leucocyte  suspension  from  700  cc.  of  exudate  was  mixed  with 
Henderson's  phosphate  solution  containing  0.470  gram  of  lactic 
acid,  as  determined  by  titration.  One-half  of  the  lactic  acid  mix- 
ture was  analyzed  immediately  for  lactic  acid,  the  other  portion 
after  remaining  at  37®  for  thirty-six  hours.  For  this  purpose  the 
mixture  was  freed  from  protein  by  boiling  and  acetic  acid.  The 
clear  filtrate  was  neutralized  and  evaporated  to  a  small  volume, 
acidified  with  phosphoric  acid,  ground  up  with  anhydrous  sodium 
sulphate,  and  extracted  with  ether.  The  zinc  salt  was  prepared 
as  already  described. 

Zinc  LaetaU  Lodiie  Aeid 

By  titration 0.2350 

Control  before 0.3158  0.2322 

After  36  hours 0.3122  0.2312 


Extraction  of  lactic  acid. 

There  were  prepared  two  solutions  of  lactic  acid.  One  con- 
tained glucose  the  other  sucrose.  The  concentration  of  the  sugar 
was  5  per  cent.  Five  grams  of  glucose  or  sucrose  were  dissolved 
in  100  cc.  of  water  containing  a  definite  amount  of  lactic  acid,  as 
determined  on  a  separate  sample  by  titration  or  by  conversion  to 
the  zinc  salt.  The  mixtures  of  sugar  and  lactic  acid  were  evap- 
orated to  a  small  volume  faintly  acidified  with  phosphoric  acid, 
groimd  with  anhydrous  sodium  sulphate  and  extracted  with  anhy- 
drous ether  until  portions  of  the  extract  failed  to  give  the  Uflfel- 
mann  test.    0.2751  gram  zinc  lactate  was  obtained. 

Leucocytes  and  sugar  mixtures  containing  no  lactic  acid,  pre- 
pared according  to  the  manner  previously  described,  were  sub- 
jected to  the  same  treatment.    The  table  summarizes  the  results. 


Leucocytes  + 
glucose  + 
lactic  acid 

Glucose 


Sucrose. 


pcreftil 

5.01 

5.00 
5.00 
5.00 


10 


LACTIC  ACID 
ADDBO 


0.4725 
0.5000 
0.4220 


Zn 

LACTATB 


0.2544 

0.2751 
0.3375 
0.5245 


0.1815 

0.1963 
0.2680 
0.3760 


pmretni 

36.40 

41.50 
53.40 
80.00 
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THE  QUANTITATIVE  DETERMINATION  OF  ALIPHATIC 
AMINO  GROUPS.    H. 

Plate  I. 

Bt  DONALD  D.  VAN  SLYKE. 
(From  the  Rockefeller  Institute  for  Medical  Research ,  New  York,) 

(Received  for  publication,  July  2, 1912.) 

The  author's  method  for  determining  aliphatic  amino  nitrogen' 
by  measurement  of  the  nitrogen  gas  evolved  in  the  reaction, 

RNH,  +  HNO,  -  ROH  +  N,  +  H,0, 
has  proven  capable  of  sufficiently  general  application'  to  make  it 

^  This  Journal,  ix,  p.  185,  1911. 

'  It  has  been  utilized  in  the  following  articles :  Levene  and  Jacobs :  Hef enu- 
cleins&ure.  Ill,  Ber,  d,  deuisch,  chem,  GeaeUach,,  xliii,  p.  3150;  SjoUema 
and  Rinkes:  Hydrolyse  des  Kartoffeleiweisses,  Zeiischr.f.physiol.  Chem,, 
Ixxvi,  p.  506;  Kossel  and  Cameron:  Die  f reien  Amidogruppen  der  einf ach- 
sten  Proteine,  ibid,,  Ixxvi,  p.  457;  Brach  and  von  Fiirth:  Chemische  Aufbau 
des  Chitins,  Biochem.  Zeiischr,,  xxxviii,  p.  468;  Medigreceanu :  Composi- 
tion of  Urinary  Albumin,  Journ.  of  Exp.  Med.,  xiv,  p.  298;  White:  Compara- 
tive Proteolysis  Experiments  with  Trjriwin,  Journ.  Amer.  Chem.  Soc.,  xxxiii, 
p.  1911;  Robinson:  Organic  Nitrogenous  Compounds  in  Peat  Soil,  Tech.  Bull. 
No.  7,  Michigan  Agricultural  Experiment  Station;  Mays:  Proteink6rper  des 
liebigschen  Fleischextraktes,  Zeitechr.  f.  physiol.  Chem.,  Ixxviii,  p.  47; 
Abderhalden  and  Van  Slyke:  Bestimmung  des  Aminostickstoffs  in  einigen 
Polypeptiden,  ibid.,  Ixxvi,  p.  506;  Abderhalden  and  Kramm:  Abbau  der 
Proteine  im  Darmkanal,  ibid.,  Ixxvii,  p.  425;  Abderhalden  and  Kramm: 
Abbau  derMilcheiweisskdrperdurchMagensaftunterverschiedenen  Beding- 
ungen,  ibid.,  Ixxvii,  p.  463;  Abderhalden  and  Hanslian:  Verwendbarkeit  der 
Estermethode  zum  Nachweis  von  MonaminosaCbren  neben  Poljrpeptiden, 
ibid.,  Ixxvii,  p.  285;  Abderhalden:  FUtterungsversuche  mit  vollstAlhdig 
abgebauten  Nahrungsstoffen,  ibid.,  Ixxvii,  p.  22;  Osborne  and  Guest:  Hydro- 
lysis of  Casein,  this  Journal,  ix,  p.  333;  Osborne  and  Guest:  Hydrolysis  of 
Wheat  Gliadin,  ibid,  ix,  p.  425;  Levene,  Van  Slyke  and  Birchard:  Partial 
Hydrolysis  of  Proteins.  II  and  III,  ibid.,  viii,  p.  269;  x,  p.  57;  Van  Slyke 
and  White:  Digestion  of  Protein  in  the  Stomach  and  Intestine  of  the 
Dogfish,  ibid,  ix,  p.  209;  Van  Slyke:  Analysis  of  Proteins  by  Determinations 
of  Chemical  Groups,  ibid,  x,  p.  15;  Van  Slyke  and  Birchard:  Nature  of  the 
free  Amino  Groups  in  the  Native  Proteins,  Proc.  Soc.  Exper.  Biol,  and  Med., 
ix,  1912. 
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appear  worth  while  ix)  publish  certain  improvements  made  in  the 
apparatus  during  the  past  year.  Without  complicating  the  manip- 
Illation,  increasing  the  cost'  or  sacrificing  any  of  the  accuracy  of 
the  original,  the  present  apparatus  has  several  advantages  over 
the  former:  (1)  The  deaminizing  vessel,  D,  need  not  be  discon- 
nected from  the  gas  burette  between  analyses.  The  apparatus 
can  be  used  for  an  indefinite  number  of  determinations  without 
disconnecting  the  parts.  (2)  Both  the  deaminizing  bulb  D  and 
the  Hempel  pipette  can  be  shaken  by  a  motor.  This  is  a  tremend- 
ous convenience  when  considerable  series  of  analyses  have  to  be 
made.^  (3)  With  the  new  apparatus  one  can  work  even  more 
rapidly  than  with  the  original.  D  can  be  shaken  more  efficiently 
with  a  motor  than  is  possible  by  hand  and  the  reaction  is  corre- 
spondingly accelerated.  Furthermore,  during  the  last  stage  of 
the  analysis,  while  the  nitric  oxide  is  being  removed  in  the  modified 
Hempel  pipette,  D  may  be  charged  with  fresh  nitrous  acid  and  freed 
from  air  (first  stage  of  next  analysis),  so  that  one  can  run  oflf 
determinations  at  the  rate  of  one  every  seven  or  eight  minutes. 

(4)  The  motor  increases  not  only  the  convenience  and  speed  of  the 
method  but  also  its  reliability.  The  only  errors  likely  to  occur 
in  the  original  method  were  those  due  to  insufficient  shaking  of  D 
or  of  the  pipette;  in  the  former  case  the  nitrogen  is  incompletely 
expelled  from  the  nitrous  acid  solution,  and  results  are  too  low; 
in  the  latter  case  the  nitric  oxide  is  incompletely  absorbed  and 
results  are  too  high.  The  possibility  of  the  occurrence  of  either 
error  is  reduced  to  a  minimum  by  a  mechanical  shaking  device. 

(5)  The  use  of  rubber  tubes  to  carry  off  overflows  and  used  up 
solutions  decidedly  enhances  the  neatness  of  the  apparatus,  facili- 
tates cleaning,  and  protects  the  hands  of  the  manipulator  from 
nitrous  acid. 

The  first  of  the  above  cited  advantages,  freedom  from  the  ne- 
cessity of  disconnecting  the  apparatus  between  analyses,  was 

*  Robert  Goetze,  4  Hdrtelstrasse,  Leipsic,  supplies  the  glass  parts  for 
about  Mk.  28;  Emil  Greiner,  45  Clifif  Street,  New  York,  for  $10. 

*  When  the  method  is  used  for  infrequent  analyses,  the  motor  is,  of  course 
superfluous.  Even  when  the  shaking  is  done  by  hand,  however,  the  new 
apparatus  is  more  convenient  than  the  old.  The  parts,  minus  the  driving 
mechanism,  are  arranged  as  shown  in  the  photograph,  except  that  the  modi- 
fied Hempel  pipette  is  brought  around  to  the  side  of  the  gas  burette  opposite 
the  deaminizing  bulb  where  it  can  be  reached  more  conveniently. 
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introduced  by  Klein'  who  substituted  for  the  rubber-stoppered 
deaminizing  bottle  of  the  original  apparatus,  a  bulb,  to  the  bottom  of 
which,  as  in  Z>,  the  inlets  and  outlets  for  liquid  were  sealed,  while  the 
gas  escaped  through  a  capillary  at  the  top.  Klein's  modification, 
compared  with  the  original,  had  the  disadvantages  that  the  amino 
solutions  could  not  be  measured  directly  into  the  deaminizing 
chamber  from  a  burette,  like  £,  but  had  to  be  washed  in,  and  that 
the  time  required  for  the  determination  was  lengthened  by  the 
changes  required  in  the  manipulation.  Nevertheless,  the  advan- 
tage of  a  one-piece,  all-glass  deaminizing  vessel  was  made  so  evi- 
dent by  the  use  of  Klein's  modification  that  we  attempted  to  com- 
bine this  advantage  with  those  of  our  original  apparatus.  The 
present  apparatus  is  the  result  of  this  attempt,  with  the  additional 
adaptation  of  both  deaminizing  vessel  and  Hempel  pipette  to  use 
with  a  mechanical  shaker. 

The  structure  of  the  apparatus  and  the  manner  in  which  it  is 
set  up  are  apparent  from  the  accompan3ring  cut  and  photograph. 

D  Ib  of  4(M5  cc.  capacity,  A  of  about  35  cc.  and  the  burette  B  of  10  cc. 
The  wire  from  which  the  deaminizing  bulb  D  is  suspended  should  be  fairly 
stiff,  and  rigidly  fastened  in  position  from  above  so  that  the  loop  about 
the  capillary  acts  as  a  fixed  center.  A  is  then  so  placed  that  its  center  of 
gravity  comes  near  this  center  and  the  shaking  of  Z>  is  accomplished  with  a 
minimum  motion  in  A  and,  consequently,  without  putting  a  dangerous  strain 
on  the  tube  which  connects  A  with  D.  This  tube  is  strong-walled  and  of  3 
mm.  inner  diameter.  It  is  essential  that  the  bore  of  cock  a  should  also  be  3 
mm.  The  reason  for  this  is  that  during  the  analysis  gas  containing  some 
nitrogen  collects  in  the  tube.  Unless  a  is  of  as  wide  bore  as  the  tube  the 
liquid  from  A  may  flow  around  the  bubble  instead  of  forcing  it  into  D  at  the 
end  of  the  reaction.  •  The  cock  d  is  also  of  large  bore  in  order  to  facilitate 
emptying  D,  The  neck  connecting  D  and  B  must  be  of  at  least  8  mm.  inner 
diameter  in  order  to  allow  free  circulation  of  the  solution  in  D  up  to  the  cock 
B.  The  small  bulb  at  the  top  of  D  keeps  the  reacting  solution  from  splash- 
ing into  the  capillary. 

In  order  to  insure  tightness  of  the  cocks  and  to  prevent  their  becoming 
loosened  by  vigorous  shaking  it  is  well  to  lubricate  them  with  a  paste  made 
by  dissolving  together  over  a  flame  one  part  of  rubber,  one  part  of  paraffin 
and  two  parts  of  vaseline. 

The  structure  of  the  modified  Hempel  pipette  is  entirely  apparent  from  the 
photograph.  This  form  would  undoubtedly  facilitate  absorption  in  all 
gas  analyses  where  shaking  is  necessary. 

» This  Journal,  x,  p.  287. 
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The  driving  wheel,  as  can  be  seen  from  the  photograph,  is  so  arranged  that 
it  can  be  used  alternately  to  shake  the  deaminising  bulb  or  the  Hempel 
pipette.  The  driving  rod  is  shown  in  position  for  shaking  the  deaminizing 
bulb.  By  lifting  the  rod  from  the  shoulder  of  D  and  placing  the  other  hook, 
at  the  end  of  the  rod,  over  the  horizontal  lower  tube  of  the  pipette,  the  power 


pipette 


Fio.  2.    Deaminizing  Bulb  and  Connections  in  Detail. 


is  transferred  to  the  latter.  Rubber  tubes  drawn  over  the  hooks  at  the  end 
of  the  driving  rod  and  those  from  which  the  Hempel  pipette  is  suspended 
make  the  apparatus  almost  noiseless.  For  power  one  can  use  a  good  water 
motor.  Still  more  convenient  is  a  small  electric  motor,  particularly  when 
connected  with  a  rheostat  enabling  one  to  regulate  the  speed.  The  gearing 
should  be  so  arranged  that  the  driving  wheel,  to  which  the  driving  rod  is 
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ecGentrically  attached,  makes  300  to  500  revolutions  per  minute.  The  driv- 
ing rod  is  attached  about  1.5  cm.,  in  no  case  over  2  cm.,  from  the  center  of 
the  wheel. 

The  manipulation  is  in  principle  the  same  as  described  in  this 
Journal,  ix,  pp.  189-91.  As  there  are  slight  variations  due  to  the 
different  form  of  the  present  apparatus,  however,  we  describe  the 
present  technique,  dividing  the  determination  into  three  stages, 
as  in  the  original  description. 

1.  Displacement  of  air  by  nitric  oxide.  Water  from  F  fills  the 
capillary  leading  to  the  Hempel  pipette  and  also  the  other  cap- 
illary as  far  as  c.  Into  A  one  pours  a  voliune  of  glacial  acetic 
acid  sufficient  to  fill  one-fifth  of  D.  For  convenience,  A  is  etched 
with  a  mark  to  measure  this  amount.  The  acid  is  run  into  Z>, 
cock  c  being  turned  so  as  to  let  the  air  escape  from  D.  Through 
A  one  now  pours  sodium  nitrite  solution  (30  gm.  NaNOs  to  100 
cc.  HsO)  until  D  is  full  of  solution  and  enough  excess  is  present 
to  rise  a  little  above  the  cock  into  A.  It  is  convenient  to  mark 
A  for  measuring  off  this  amount  also.  The  gas  exit  from  D  is 
now  closed  at  c,  and,  a  being  open,  D  is  shaken  for  a  few  seconds. 
The  nitric  oxide,  which  instantly  collects,  is  let  out  at  c,  and  the 
shaking  repeated.  The  second  crop  of  nitric  oxide,  which  washes 
out  the  last  portions  of  air,  is  also  let  out  at  c.  D  is  now  con- 
nected with  the  motor  and  shaken  till  aU  but  20  cc.  of  the  solu- 
tion have  been  displaced  by  nitric  oxide  and  driven  back  into  A. 
A  mark  on  D  indicates  the  20  cc.  point.  One  then  closes  a  and 
turns  c  and  /  so  that  D  and  F  are  connected.  The  above  manip- 
ulations require  between  one  and  two  minutes. 

2.  Decomposition  of  the  amino  svbstance.  Of  the  amino  solu- 
tion to  be  analyzed  10  cc.  or  less,  as  the  case  may  be,  are  measured 
off  in  B.  Any  excess  added  above  the  mark  can  be  run  off  through 
the  outflow  tube.  The  desired  amoimt  is  then  run  into  D,  which 
is  already  connected  with  the  motor,  as  shown  in  the  photograph. 
It  is  shaken,  when  a-amino-acids  are  being  analyzed,  for  a  period 
of  three  to  five  minutes.  With  a-amino-acids,  proteins  or  partially 
or  completely  hydrolyzed  proteins,  we  find  that  at  the  most  five 
minutes'  vigorous  shaking  completes  the  reaction.^    Only  in  the 

*  Only  95  per  cent  of  the  lysine  nitrogen  reacts  in  five  minutes,  but  the 
remaining  one-twentieth  of  the  lysine  nitrogen  is  a  practically  negligible 
proportion  of  the  total  nitrogen  of  a  complete  protein. 
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cases  of  some  native  proteins  which,  when  deaminized,  form 
imwieldy  coagula  that  mechanically  interfere  with  the  thorough 
agitation  of  the  mixture,  a  longer  time  may  be  required.  In  case 
a  viscous  solution  is  being  analyzed  and  the  liquid  threatens  to 
foam  over  into  F,  B  is  rinsed  out  and  a  little  caprylic  alcohol  is 
added  through  it.  For  amino  substances,  such  as  amino-purines, 
requiring  a  longer  time  than  five  minutes  to  react  (cf .  p.  191,  former 
article),  one  merely  mixes  the  reacting  solutions  and  lets  them 
stand  the  required  length  of  time,  then  shakes  about  two  minutes 
to  drive  the  nitrogen  completely  out  of  solution. 

When  it  is  known  that  the  solution  to  be  analyzed  is  likely  to 
foam  violently,  it  is  advisable  to  add  caprylic  alcohol  through  fi 
before  the  amino  solution.  B  is  then  rinsed  with  alcohol  and  dried 
with  ether  or  a  roll  of  filter  paper  before  it  receives  the  amino  solu- 
tion. 

3.  Absorption  of  nitric  oxide  and  measurement  of  nitrogen.  The 
reaction  being  completed,  aU  the  gas  in  Z>  is  displaced  into  F  by 
liquid  from  A  and  the  mixture  of  nitrogen  and  nitric  oxide  is  driven 
from  F  into  the  absorption  pipette.  The  driving  rod  is  then  con- 
nected with  the  pipette  by  lifting  the  hook  from  the  shoulder  of 
d  and  placing  the  other  hook,  on  the  opposite  side  of  the  driving 
rod,  over  the  horizontal  lower  tube  of  the  pipette.  The  latter  is 
then  shaken  by  the  motor  for  a  minute,  which,  with  any  but 
almost  completely  exhausted  permanganate  solutions,  completes 
the  absorption  of  nitric  oxide.  The  pure  nitrogen  is  then  meas- 
ured in  F.  During  the  above  operations  a  is  left  open,  to  permit 
displacement  of  liquid  from  D  as  nitric  oxide  forms  in  Z>. 

Testing  completeness  of  reaction.  Particularly  when  the  mechani- 
cal shaker  is  used,  there  is  little  danger  of  failing  to  obtain  a  com- 
plete evolution  of  nitrogen.  The  point  may  be  tested,  however, 
as  follows.  The  nitrogen  from  F  is  driven  out  at  c;  a  is  closed  and 
D  connected  with  F.  The  gas  which  has  formed  in  the  nitrous 
acid  solution  in  D  during  the  absorption  of  the  nitric  oxide  and 
measurement  of  nitrogen  is  shaken  out  and  driven  over  into  F 
and  then  into  the  Hempel  pipette  as  before.  After  absorption  of 
the  nitric  oxide,  the  gas  left  should  not  measure  more  than  that 
obtained  in  blank  tests,  usually  less  than  0.1  cc.  After  the  gas  has 
all  been  forced  from  D  over  into  F  at  the  end  of  the  reaction,  the 
nitrous  solution  is  run  out  from  Z>,  by  opening  d,  through  a  tube 
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leading  to  a  drain.  B  is  rinsed  and  dried  with  a  roll  of  filter  paper 
or  with  alcohol  and  ether  and  the  apparatus  is  immediately  ready 
for  use  again. 

Blank  determinations,  performed  as  above  except  that  10  cc.  of 
distilled  water  replaces  the  solution  of  amino  substance,  must  be 
performed  on  every  fresh  lot  of  nitrite  used.  The  amoimt  of  gas 
obtained  on  a  five-minute  blank  is  usually  0.3  to  0.4  cc,  with  very 
little  increase  for  longer  tests.  Nitrite  giving  a  much  larger  cor- 
rection should  be  rejected. 

The  following  determinations,  performed  with  an  -jy  solution  of 
leucine  indicate  the  speed  of  the  reaction.  The  correction  applied 
for  reagents  was  0.40  cc.  Ten  cubic  centimeters  of  t^  leucine 
solution,  containing  14.01  mgm.  of  nitrogen,  were  used  for  each 
determination. 
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The  driving  wheel  was  making  300  revolutions  per  minute. 
At  speeds  of  400  or  600  revolutions  the  reaction  can  be  driven  to 
completion  in  three,  or,  with  higher  room  temperature,  in  two 
minutes. 

The  rate  of  reaction  of  ammonia  is  shown  in  the  following  table. 
Ten  cc.  portions  of  ^  ammonium  sulphate  solution,  containing 
28.02  mgm.  of  nitrogen  each,  were  used. 
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As  pointed  out  before,  ammonia  reacts  slowly  compared  with  the 
amino-acids.    For  accurate  determination  of  NHt  nitrogen  in  digeeU 
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ing  solutions  J  etc.,  it  is  advisable  to  first  remove  the  ammonia;  although 
good  comparative  results  can  be  obtained,  in  the  presence  of  the 
relatively  small  proportion  of  ammonia  usually  present,  if  reaction 
conditions  of  time,  temperature,  and  concentration  of  solutions 
are  kept  constant,  so  that  the  proportion  of  the  ammonia  decom- 
posed is  the  same  in  each  determination.  The  ammonia  can  be 
conveniently  removed  and  determined  by  distillation  with  Ca(OH)t 
under  diminished  pressure,  as  described  on  page  21,  vol.  X  of  this 
Journal.  After  the  distillation  the  excess  Ca(OH)s  is  dissolved 
with  acetic  acid.  It  is  essential  that  all  the  ethyl  alcohol  should 
be  distilled  off,  as  it  decomposes  nitrous  acid  with  formation  of 
large  volmnes  of  gases  which  can  be  removed  with  permanganate 
only  with  difficulty  and  by  the  use  of  perfectly  fresh  permanganate 
solution.  The  point  at  which  the  alcohol  has  all  been  boiled  off 
is  usually  indicated  when  the  solution  begins  to  foam  in  the  dis- 
tilling flask. 

The  following  results  were  obtained  with  lysine  picrate.  Lysine, 
as  previously  stated,  reacts  more  slowly  than  the  other  amino- 
acids  because  it  contains  not  only  an  o-amino  group  but  also  an 
a>-amino  group.  In  the  fifteen  and  thirty-minute  determinations 
the  solution  was  shaken  only  during  the  last  five  minutes. 
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Solutions  to  be  analyzed  should  be  free  of  ethyl  alcohol  and 
acetone.  These  substances  when  mixed  with  nitrous  acid  give 
off  gases  or  vapors  which  are  with  difficulty  absorbed  by  the  per- 
manganate. 

Amyl  alcohol,  which  in  ihe  original  description  of  the  amino  method 
wa^  recommended  to  prevent  the  foaming  of  viscous  soliUion,  must  be 
replaced  for  this  purpose  by  caprylic  alcohol  [Kahlbaum's  "octyl- 
alkohol  (sekund&r)  I"].  Amyl  alcohol,  boiling  at  131**,  has  the 
disadvantage  of  a  very  noticeable  vapor  tension.  Permanganate 
solution  apparently  possesses  the  power  to  absorb  slight  amounts 
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of  amyl  alcohol  vapor.  Particularly  on  hot  days,  however,  and 
when  relatively  much  of  the  alcohol  is  used,  it  is  necessary  to  change 
the  permanganate  with  every  analysis  or  else  reduce  the  volume  of 
gas  observed  by  multiplication  with  an  empirically  determined 
factor. 

The  following  determinations  illustrate  this  point.  They  were 
performed  with  t^  leucine'  solution,  using  1  cc.  of  amyl  alcohol 
in  each  case.  The  temperature  was  27^,  the  pressure  756  mm. 
The  analyses  were  done  in  rapid  succession,  using  the  same  per- 
manganate solution  with  all. 
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Theoretically  a  higher  alcohol  should  be  more  adapted  to  the 
purpose,  since,  as  the  size  of  the  alcohol  molecule  increases,  the 
volatility  diminishes,  while  the  effectiveness  in  reducing  the  sur- 
face tension  of  aqueous  solutions  increases.  Kahlbaum's  second- 
ary octyl  (caprylic)  alcohol,  which  is  not  very  expensive,  was  found 
satisfactory  in  every  respect.  It  is  so  efficient  in  preventing  foam 
that  when  a  few  drops  are  added,  a 2 or 3  percent  egg  albumin  solu- 
tion can  be  analyzed  without  difficulty,  even  when  the  reacting 
solution  is  shaken  rapidly  with  a  motor.  The  fact  that  it  does  not 
interfere  to  the  slightest  extent  with  the  accuracy  of  the  results 
is  shown  by  the  following  determinations.    They  were  performed 


MUMBBB 

TV  LXITCIini 
SOLUTION 

OAB  OBtXBTBD 

OAS  CALCULATBD 
FOB  N 

1 

2 
3 

4 
5 

ec, 

10.00*0.04 
10.00*0.04 
10.00*0.04 
10.00*0.04 
10.00*0.04 

ec, 

25.95 
25.90 
25.95 
26.00 
25.85 

ee. 

25.95*0.10 
25.95*0.10 
25.95*0.10 
25.95*0.10 
25.95*0.10 

^  For  results  with  glycocoU,  cf .  accompanying  paper  on  glycocoll  picrate. 
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in  the  same  manner  as  those  with  amyl  alcohol  and  with  the  same 
A  leucine  solution.  The  temperature  was  29^,  as  warm  as  a  labor- 
atory often  becomes,  and  the  pressure  756  mm.  The  first  deter- 
mination was  a  control,  without  the  octyl  alcohol. 

For  convenience  in  calculating  results  the  following  table  is 
appended.  The  figures  are  calculated  by  dividing  by  2  those 
for  moist  nitrogen  given  by  Gattermann  in  the  Praxis  des  organic 
achen  Chemikers,  ninth  edition.  They  represent  the  weights  of 
amino  nitrogen  in  milligrams  which  correspond  to  1  cc.  of  nitrogen 
gas,  obtained  by  the  action  of  nitrous  acid  and  measured  over 
water,  at  the  temperatures  and  atmospheric  pressures  indicated. 
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THE   COMPOSITION  AND  PROPERTIES  OF  GLYCOCOLL 

PICRATE  AND  THE  SEPARATION  OF  GLYCOCOLL 

FROM  ALANINE. 

By  p.  a.  LEVENE  and  DONALD  D.  VAN  SLYKE. 
(From  the  Rockefeller  Institute  for  Medical  Reeearck,  New  York,) 

(Received  for  publication,  July  2,  1912.) 

Glycocoll  picrate  was  first  described  by  Levene,*  who  demon- 
strated its  value  in  separating  the  mixture  of  glycocoll  and  alanine 
encountered  in  the  hydrolysis  of  most  proteins.  He  assigned  to 
it  the  structure,  CsH»N0i.CeHsNs07y  regarding  the  substance  as 
a  combination  of  one  molecule  each  of  glycocoll  and  picric  acid. 
We  find  that  this  was  an  error,  and  that,  as  reported  by  us  some 
months  ago  at  the  Christmas  meeting  of  the  Society  of  Biological 
Chemists,  the  picrate  contains  two  molecules  of  glycocoll  in  com- 
bination with  one  of  picric  acid.  The  fact  that  Levene  and  others 
who  have  since  used  the  picrate  in  the  isolation  of  glycocoll  have 
not  detected  this  error  is  easy  to  explain.  Picric  acid  and  glycocoll 
contain  practically  the  same  percentage  of  carbon  and  nitrogen, 
so  that  determinations  of  the  percentages  of  these  elements,  which 
are  ordinarily  most  to  be  relied  upon,  give  no  clue  whatever  to  the 
proportions  in  which  the  two  constituents  of  the  salt  are  present. 
Even  the  difference  in  hydrogen  contents  is  so  low  that  picrates 
with  respectively  one  and  two  molecules  of  glycocoll  would  vary 
by  only  0.8  in  their  hydrogen  percentage.  Consequently  the  entire 
elementary  composition  affords  no  reliable  data  for  determination 
of  the  structure  of  the  substance. 

In  addition  to  this,  the  problem  was  complicated  by  the  readiness 
with  which  free  picric  acid  crystallizes.  When  enough  or  more  than 
enough  picric  acid  to  form  the  salt  of  supposed  monomolecular 
composition  is  added  in  hot  solution  to  the  glycocoll,  a  portion  of 
the  excess  of  picric  acid  crystallizes  with  the  picrate  when  the 
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solution  is  cooled.  In  this  manner  it  is  easy  to  obtain  mixtures 
of  glycocoll  picrate  and  free  picric  acid  containing  almost  as  much 
of  the  latter  as  is  required  by  the  monomolecular  formula.  The 
excess  picric  acid  is,  however,  merely  a  mechanical  admixture. 
It  can  be  removed  by  recrystallizing  the  substance,  or  by  merely 
shaking  it  out  with  ether,  which  leaves  behind  the  pure  salt, 
(CHftN0,),.C.H,07N,. 

For  determimng  anal3rtically  the  purity  of  the  salt,  and  in  par- 
ticular its  freedom  from  excess  picric  acid,  the  elementary  com- 
position is,  as  already  stated,  of  little  significance.  Two  other 
methods  are  available:  (1)  The  proportion  of  glycocoll  can  be 
estimated  by  determination  of  the  amino  nitrogen  by  the  nitrous 
acid  method.*  This  is  the  simplest  method,  and  the  one  by  which 
the  correct  composition  of  the  picrate  was  first  detected.  (2) 
Tlie  salt  can  be  decomposed  with  an  excess  of  mineral  acid,  the 
picric  acid  shaken  out  with  ether  and  the  glycocoll  and  picric 
acid  weighed  separately.  Results  by  this  method  confirm  those 
by  the  amino  determination. 

EXPERIMENTAL. 

The  readum  of  glycocoll  with  nitrous  acid. 

As  already  stated  by  one  of  us,'  glycocoll  when  treated  with 
nitrous  acid  gives  off  a  volimie  of  gas,  not  absorbed  by  alkaline  per- 
manganate, which  exceeds  by  several  per  cent  that  calculated 
for  one  molecule  of  nitrogen.  Results  are  sufficiently  constant, 
however,  to  enable  one  to  obtain  good  figures  for  the  amino  nitrogen 
if  an  empirical  correction  ia  used.  As  the  amino  determination  is 
the  only  practical  method  for  analysis  of  the  picrate,  the  following 
analyses  of  glycocoll  were  made  in  order  to  determine  accurately 
the  empirical  correction  under  definite  conditions. 

In  the  analyses  given  below  the  solutions  of  glycocoll  were  mixed 
with  the  nitrous  acid  in  the  apparatus  described  in  the  previous 
article.  The  reacting  solutions  were  allowed  to  stand  five,  eleven 
or  thirty  minutes,  then  shaken  one  minute  by  hand  to  expel  the 
dissolved  nitrogen.    Glycocoll  contains  18.69  per  cent  of  nitrogen. 

*  Van  Slyke:  this  Journal^  ix,  p.  185;  also,  cf.  preceding  article. 

*  Van  Slyke:  this  Journal^  iz,  p.  199. 
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The  following  results  were  obtained  from  analyses  in  which  the 
reacting  solutions  were  shaken  constantly  and  rapidly  with  a  motor 
from  the  time  at  which  they  were  mixed  till  the  reaction  was  dis- 
continued. 
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TTbe  4a-mlnute  determlnatloD  was  •hakan  only  during  the  laat  fire  minutas. 

From  the  above  figures  it  is  apparent  that  when  the  reacting 

solutions  are  allowed  to  stand  five  minutes  and  are  then  shaken 

one  minute,  the  results  require,  for  correction,  multiplication  by 

100 
the  factor,  or  0.94,  while,  when  the  mechanical  shaker  is 

used  for  two  to  five  minutes,  a  factor  of  0.93  is  required.  The 
above  conditions  and  corrections  were  used  in  the  analyses  of  gly- 
cocoU  picrate,  with  consistent  results.  It  should  be  noted,  that 
while  making  analyses  of  pure  glycocoU  solutions  one  must  change 
the  permanganate  absorbent  solution  oftener  than  when  analyzing 
other  amino-acids,  as  the  abnormal  gases  given  off  by  glycocoll  are 
less  completely  taken  up  by  the  permanganate  after  the  latter  has 
been  used  for  four  or  five  analyses  of  this  amino-acid. 

Composition  of  glycocoll  picrate. 

1.  Samples  of  glycocoll  picrate  prepared  according  to  Levene's 
original   directions,    using   4   parts  of  picric  acid  to  1  of  gly- 
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cocoll  (1.5  parts  is  l^e  proportion  actually  required  to  form 
(C2H6NOi)i.CeH|N807),  showed  amino  nitrogen  contents  varying 
between  that  required  for  the  supposed  monoglycine  picrate  and 
diglycine  picrate.  The  melting  points  varied  between  185^  and 
196®.  When  such  picrates  were  recrystallized  from  enough  solvent 
to  hold  in  solution  the  free  picric  acid  present  the  pure  diglycine 
picrate  was  obtained,  softening  at  about  200®  and  decomposing 
at  202®.  The  following  case  is  an  example.  A  picrate  obtained 
by  Levene's  original  method  from  gelatin  showed  an  amino  con> 
tent  of  6.9  per  cent  and  a  melting  point  of  188®.  It  was  recrystal- 
lized from  water  and  then  melted  at  200®.  It  gave  the  following 
figures  on  analysis: 

Substance,  0.1900;  25.7  cc.  N  at  768  mm.,  21**  (with  HNOt). 
Substance,  0.1541;  COi,  0.1796;  HiO,  0.0492. 

CaloDlated  for  v^tnA  • 

(CJHiNOt)i.aHbNiOi:  Found. 

NH,-N 7.39  7.28 

C 31.67  31.76 

H 3.43  3:67 

Five  grams  of  the  picrate  were  dissolyed  in  50  cc.  of  hot  water  and  the 
picric  acid  freed  with  30  cc.  of  ^  sulphuric  acid.  The  picric  acid  was  shaken 
out  with  ether.  Evaporation  of  the  ethereal  extract  yielded  3.001  grams  of 
picric  acid  melting  at  122*".  The  sulphuric  acid  in  the  aqueous  solution 
was  precipitated  by  the  addition  of  an  exact  equivalent  of  barium  hydrate 
solution  which  had  been  titrated  against  the  same  j  sulphuric  acid.  The 
filtrate  from  the  barium  sulphate  was  concentrated  to  dr3mess  and  yielded 
2.007  grams  of  glycocoll  melting  at  228-230*". 

CalcuUted  for  w«.i«^. 

(CfH»NOt)i.aHtHiOT:  Found. 

Picric  acid 60.26  60.02 

Glycocoll 39.74  40. 15 

The  glycocoll  gave  the  following  figures  on  analysis: 
Substance,  0.1240;  COi,  0.1463;  HiO,  0.0752. 

Cklonlifctod  for  v^.^i. 

CiHtNOs:  Found. 

C 31.97  32.19 

H 6.73  6.84 

2.  Samples  of  glycine  picrate  can  readily  be  prepared,  contain- 
ing abnormally  high  amoimts  of  picric  acid,  by  crystallization  from 
solutions  containing  more  than  the  required  0.5  molecule  of  picric 
acid  per  molecule  of  glycocoll.    That  the  excess  of  picric  acid  is 
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merely  a  mechanical  admixture,  however,  can  be  shown  by  extract- 
ing it  with  anhydrous  ether. 

Two  grams  of  glycocoll  and  6  grams  (1  molecule)  of  picric  acid 
were  dissolved  in  20  cc.  of  hot  water  and  allowed  to  crystallize  at 
0°.  The  crystals  were  washed  with  ice  water,  followed  by  a  little 
alcohol  and  ether  and  dried  in  a  vacuum.  Yield,  3.79  grams. 
The  substance  softened  at  185^  and  melted  at  190^. 

Analysis:  0.1726  gram  substance;  18.7  cc.  N  at  20®,  764  mm.  UsiDg  the 
factor  0.94,  this  gives  amino  nitrogen  as  6.85  per  cent.  The  calculated 
amount  for  the  diglycine  picrate  is  7.39,  for  the  monoglycine  picrate, 
4.61  per  cent. 

The  substance  was  ground  fine  and  extracted  with  several  por- 
tions of  boiling  anhydrous  ether,  the  extraction  being  continued 
imtil  the  extracts  were  no  longer  colored.  The  residue  now  ob- 
tained melted  at  200^  and  the  amino  nitrogen  content  was  raised 
to  nearly  the  calculated  value  for  the  pure  diglycine  picrate. 

Analysis:  0.1529  gram  substance;  20.25  cc.  N  at  18%  760  mm. 

Oaloulated  for  v^»^a  . 

(CtH»NOt)t.aHiNi07:  *^ound. 

NH,-N 7.39  7.19 

As  before,  the  factor  0.94  was  used. 

Another  sample  with  high  picric  acid  content  was  obtained  by 
dissolving  7.6  grains  of  diglycine  picrate  in  20  cc.  of  water  with 
4.6  grams  (1  molecule)  of  picric  acid.  The  product,  obtained  by 
crystallization  at  0°,  weighed  5.49  grams  and  contained  only  6.49 
per  cent  of  amino  nitrogen.  After  extraction  with  ether  it  gave 
figures  for  the  pure  diglycine  picrate. 

Analysis:  0.1423  gram  substance;  19.5  cc.  N  at  21*",  770  mm. 

Caleulatad  for  v<«„««i. 

(CH.NOf)t.aHiNiOi:  ^oquH. 

NHrN 7.39  7.42 

Incidentally  these  experiments  bring  out  the  fact  that  the  presence 
of  an  excess  of  free  picric  acid  greatly  increases  the  solubility  of 
glycine  picrate.  Twenty  cubic  centimeters  of  water  at  0"*  dissolve 
only  0.35  gram  of  diglycine  picrate,  equivalent  to  0.14  gram  of 
glycocoll.  In  the  presence  of  an  excess  of  picric  acid,  however, 
there  remained  in  solution  in  the  first  of  the  above  two  experiments, 
0.8  gram  of  glycocoll,  and  in  the  second,  1.4  gram. 
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3.  The  presence  of  free  picric  acid  does  not  prevent  the  crystal- 
lization of  diglycine  picrate  in  pure  condition,  provided  the  solvent 
used  is  capable  of  holding  in  solution  all  the  excess  picric  acid.  The 
latter  decreases  the  3rield  of  diglycine  picrate,  but  does  not  affect 
its  composition  nor  cr3nstalli2e  with  it. 

In  each  of  the  following  three  experiments  2  grams  of  Kahl- 
baum's  glycocoll  were  dissolved  in  10  cc.  of  water.  To  these 
solutions  were  added  respectively  one,  two  and  three  times  the 
amount  of  picric  acid  required  to  form  diglycine  picrate,  the 
acid  being  in  each  case  dissolved  in  40  cc.  of  95  per  cent  alcohol 
before  it  was  added  to  the  glycocoll  solution.  It  was  previously 
ascertained  that  50  cc.  of  76  per  cent  alcohol  are  capable  of  hold- 
ing in  solution,  even  at  0^,  the  amount  of  free  picric  acid  present. 
The  solutions  were  allowed  to  stand  over  night  at  0^  for  crystalli- 
zation to  become  complete.  The  crystals  were  washed  in  each 
case  with  uniform  portions  of  50  per  cent  alcohol,  95  per  cent  alco- 
hol and  once  with  ether.  The  results  of  the  experiments  are  given 
in  the  following  table. 
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Conditions  for  precipitation  of  glycine  picrate. 

Glycine  picrate  is  much  less  soluble  in  alcohol  than  in  water; 
but,  as  alcohol  precipitates  the  amino-acids  from  which  glycocoll 
has  usually  to  be  separated,  the  conditions  for  precipitation  of 
the  latter  as  completely  as  possible  in  water  solutions  had  to  be 
determined.  In  the  following  experiments  a  supersaturated  solu- 
tion was  made  by  dissolving  glycine  picrate  in  warm  water.  Por- 
tions of  this  solution  were  cooled  to  the  temperatures  indicated 
and  maintained  there  for  several  hours.  They  were  then  filtered 
and  10  cc.  portions  of  the  filtrates  used  for  determinations  of  amino 
nitrogen.  All  the  solutions  deposited  cr3rstals  as  soon  as  they 
were  cooled  to  their  respective  temperatures  and  they  were  stirred 
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occasionally  while  standing  in  order  to  assure  approximate  attain- 
ment of  solubility  equilibrium; 
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From  the  above  it  is  evident  that  the  solubility  of  glycine  picrate 
rises  very  rapidly  with  the  temperature  and  that  cooling  completely 
to  0^  is  necessary  to  attain  most  complete  precipitation. 

The  following  experiment  was  performed  in  order  to  determine 
approximately  how  much  time  is  required  for  precipitation  at  0^ 
to  reach  its  maximum.  A  10  per  cent  solution  of  glycine  picrate 
was  cooled  toO^  by  shaking  the  containing  flask  in  ice  water. 
Crystallization  began  before  the  solution  reached  0^  and  was  com- 
plete within  fifteen  minutes  after  that  time.  Portions  of  the  solu- 
tion were  filtered  off  and  used  for  amino  determinations  as  described 
in  the  preceding  experiment. 
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Gravimetric  solubility  determinations  showed  that  50  per  cent 
alcohol  at  2V  dissolves  per  100  cc,  2.13  grams*  of  glycine  picrate, 
absolute  alcohol  only  0.16  gram. 

Separation  of  glyeocoUfrom  alanine. 

In  a  solution  containing  only  glycocoll  and  picric  acid  it  has  been 
shown  above  that  the  presence  of  an  excess  of  picric  acid  above  the 
amount  required  to  form  diglycine  picrate  increases  the  solubility 
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of  the  latter  and  makes  the  precipitation  less  complete.  When, 
however,  alanine  is  also  present  it  prevents  the  solvent  effect 
of  an  excess  of  picric  acid,  at  least  so  long  as  the  amomxt  of  the 
latter  does  not  exceed  one-half  molecule  for  each  atom  of  amino- 
acid  nitrogen  present.  In  fact,  the  presence  of  excess  picric  acid 
up  to  this  point  actually  depresses  the  solubility  of  the  glycine 
picrate,  and  makes  its  precipitation  more  complete  than  when 
only  enough  picric  acid  to  combine  with  the  glycocoll  is  added. 
The  following  two  experiments  illustrate  this  point. 

Separation  of  alanine  and  glycocoll  using  only  enough  picric  acid 
to  combine  mth  the  glycocoll.  One  gram  of  glycocoll,  1.5  grams  (1 
molecule)  of  picric  acid  and  1  gram  of  alanine  were  dissolved  in  15 
cc.  of  hot  water  and  cooled  to  0°.  After  several  hours  the  crystals 
were  filtered  on  a  cold  suction  funnel,  washed  twice  with  a  few 
cubic  centimeters  of  ice  water  and  then  several  times  with  95  per 
cent  alcohol.  The  dried  product  weighed  1.96  grams,  containing 
0 .78  gram  of  the  original  1.00  gram  of  glycocoll.  The  picrate  was 
pure,  softening  first  at  200°  and  decomposing  at  202°. 

Separation  of  glycocoll  from  alanine^  using  one-half  molecule  of 
picric  acid  for  each  molecule  of  amino-add.  One  gram  of  glycocoll, 
1  gram  of  alanine  and  2.78  grams  of  picric  acid  were  dissolved  in 
15  cc.  of  water.  The  precipitate  was  treated  in  the  same  manner 
as  that  in  the  preceding  experiment.  In  this  case,  however,  the 
yield  was  larger,  2.22  grams  of  picrate,  equivalent  to  0.89  gram 
of  glycocoll.  The  melting  point  was  197°  showing  that  the  picrate 
was  not  entirely  pure.  This  was  confirmed  by  the  analysis,  which, 
however,  indicates  that  the  picrate  was  96  per  cent  pure,  contain- 
ing about  4  per  cent  of  free  picric  acid. 

Substance,  (I)  0.1550  gram,  (II)  0.1680  gram;  N,  (I)  20.3  cc,  (II)  22.2  cc 
at  20*^,  764  mm. 

CaleuUted  for  Found: 

(C»H»N0t)i.C«HiNgO7:  i  n 

NH,-N 7.39  7.05  7.11 

Separation  of  glycocoll  from  alanine^  with  isolation  of  the  alanine. 
The  alanine  used  in  this  experiment,  like  that  in  the  two  preceding, 
was  an  optically  active  sample  prepared  from  hydrolyzed  silk  and 
purified  by  repeated  recrystallization.  It  was  analytically  pure 
and  gave  the  following  figures  for  rotation  in  the  yellow  rays  of  a 
light  purified  by  a  Schmidt  and  Haensch  spectroscope. 
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Substance,  0.1214;  solution,  containing  an  equivalent  of  HGl,  1.668  gram; 
concentration  of  alanine  hydrochloride,  10.91  per  cent;  sp.  gr.,  1.03;  rota- 
tion in  1  dm.  tube,  -f  1.17®.         • 

[a]"-  +10.6»=*=0.1* 

Fischer  gives  10.4^=^0.2'*.  The  glycocoll  used  was  Kahlbaum's. 
One  gram  of  alanine,  1  gram  of  glycocoll  and  1.8  grams  of  picric 
acid  (0.6  molecule  for  the  glycocoll)  were  dissolved  in  7  cc.  of  hot 
water.  The  solution  was  allowed  to  stand  at  0^  imtil  crystalliza- 
tion was  complete.  The  crystals  were  washed  as  before  on  an  ice- 
cold  suction  funnel,  with  a  little  ice  water,  followed  by  alcohol. 
The  3deld  was  2.29  grams,  equivalent  to  0.91  gram  of  glycocoll. 
The  product  decomposed  at  202°  and  was  quite  pure. 

Akaltsib:  0.1611  gram  substance;  22.9  cc.  N. 

Cateulated  for  w^.,«^. 

(CiH»NOi)».CiHiNiOi:  Found. 

NH,-N 7.39  7.40 

The  analysis  was  performed  with  the  mechanical  shaker  so  that 
the  factor  0.93  was  used. 

The  filtrate  from  the  picrate  was  acidified  with  20  cc.  of  ?  sul- 
phuric acid  and  shaken  out  several  tunes  with  ether,  imtil  the 
yellow  color  of  picric  acid  had  entirely  disappeared.  The  solution 
was  then  heated  on  the  steam  bath  and  the  sulphuric  acid  was  pre- 
cipitated by  the  addition  of  an  exact  equivalent  of  barium  hydrate 
solution  which  had  previously  been  titrated  against  the  sulphuric 
acid  used.  The  filtrate  from  the  barimn  sulphate  was  evaporated 
to  dryness.  It  left  1.09  grams  of  residue  which  contained  1.0 
per  cent  of  ash.  The  substance  on  combustion  gave  figures  approx- 
imating those  for  alanine,  but  0.5  per  cent  low,  indicating  the  pres- 
ence of  a  small  proportion  of  glycocoll. 

Substance  (ash-free),  0.1275  gram;  COs,  0.1871;  HsO,  0.0890. 

CalOttUted  for  Oaloulated  for  v^^^a. 

CiHaNOs:  GiHfNOi:  Found. 

C 31.97  40.42  39.92 

H 6.73  7.93  7.86 

The  sharpest  differentiation  between  the  two  substances  is 
given  by  the  rotation,  as  glycocoll  is  inactive.  The  rotation,  like 
the  yields  of  picrate  and  alanine,  indicated  that  9  per  cont  of  the 
glycocoll  had  gone  into  the  filtrate  with  the  alanine. 
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Substance  (ash  free),  0.1120  gram;  solution,  containing  an  equivalent  of 
HCl,  1.551  gram;  concentration,  of  alanine  hydrochloride,  10.15  per  cent; 
sp.  gr.,  1.03;  rotation,  +  0.99**.  • 

W?-+9.5*=^0.1*» 

We  confirmed  the  experience  of  Levene  in  failing  entirely  to  ob- 
tain a  picrate  of  alanine.  No  compound  of  picric  acid  and  alanine 
could  be  induced  to  crystallize  from  any  concentration  in  water 
solution;  and,  when  such  a  solution  of  alanine  and  picric  acid  was 
precipitated  by  addition  of  alcohol,  the  precipitate  consisted  of 
pure  alanine. 

SUMMARY. 

Glycine  picrate  is  composed  of  two  molecular  weights  of  glyco- 
coll in  combination  with  one  of  picric  acid.  It  softens  at  199°- 
200°  and  decomposes  at  202°.  A  correct  melting  point  is  ordi- 
narily good  proof  of  its  purity,  as  the  presence  of  a  few  per  cent  of 
free  picric  acid  or  of  alanine  depresses  the  melting  point  several 
degrees.  The  picrate  is  extremely  soluble  in  hot  water.  At  0°, 
however,  100  cc.  dissolve  only  1.76  grams  of  picrate;  containing 
0.7  gram  of  glycocoll. 

To  separate  glycocoll  from  alanine,  the  mixture  is  dissolved  in 
three  to  four  parts  of  hot  water.  In  this  solution  is  also  dissolved 
an  amount  of  picric  acid  which  exceeds  that  required  to  combine 
with  the  glycocoll  present  (1.5  grams  of  picric  acid  combine  with 
1  gram  of  glycocoll),  but  does  not  exceed  that  required  to  combine 
with  the  mixture,  if  all  the  amino  nitrogen  present  is  calculated  as 
belonging  to  the  glycocoll.  The  solution  is  cooled  to  0°  and  allowed 
to  remain  at  that  temperature  until  crystallization  is  complete, 
which  usually  occurs  in  less  than  an  hour.  The  glycine  picrate  is 
washed  with  a  slight  amount  of  water  at  0°,  followed  by  95  per  cent 
alcohol.  The  purity  is  controlled  by  the  melting  point  and  amino 
nitrogen  determination.  The  filtrate  from  the  picrate  is  treated 
with  an  excess  of  ?  sulphuric  acid  and  freed  from  picric  acid  ^ath 
ether.  The  sulphuric  acid  is  then  precipitated  by  an  equivalent  of 
titrated  barium  hydrate  solution.  The  alanine  is  left  as  a  residue 
wh(^n  the  filtrate  from  the  barium  sulphate  is  concentrated  to  dry- 
ness. It  still  contains  several  per  cent  of  glycocoll,  but  can  be 
obtained,  as  above  described,  over  90  per  cent  pure. 
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Henriques  and  Gjaldbaek/  in  an  article  devoted  chiefly  to  a  study 
of  the  above  subject  with  the  formol  titration,  find  that,  when  pro- 
teins are  hydrolyzed  with  acid,  both  amino  nitrogen  and  ammonia 
increase  up  to  a  certain  point,  at  which  the  amino  nitrogen  attains 
its  maximum.  When  hydrolysis  is  continued  beyond  this  point, 
a  transformation  of  amino  nitrogen  into  ammonia  follows,  indicat- 
ing a  deaminization  of  some  amino-acid  or  acids.  The  point  at 
which  the  amino  nitrogen  reaches  a  maximum,  with  the  least  pos- 
sible formation  of  ammonia,  they  define  as  the  end  point  of  the 
hydrolysis. 

From  the  results  of  acid  hydrolyses  performed  under  various 
conditions  Henriques  and  Gjaldbaek  conclude  that  the  most  cer- 
tain method  for  obtaining  the  above  end  point  is  treatment  with 
3n  hydrochloric  acid  in  an  autoclave  at  160°  for  one  and  one-half 
hours.  With  casein,  Witte  peptone  and  calves'  flesh,  complete 
hydrolysis  could  also  be  obtained  by  boiling  with  20  per  cent  hydro- 
chloric acid  for  twelve  hours.  With  egg  albumin,  however,  the 
results  were  different.  The  amount  of  amino  nitrogen  present 
after  six  hours'  boiling  with  20  per  cent  acid  was  only  89  per  cent 
of  that  obtained  by  autoclave  hydrolysis,  and  continuation  of  the 
boiling  for  six  howra  more  resulted  in  no  increase.  From  this  it 
appeared  that,  in  egg  albumin  at  least,  some  peptid  linkings  exist 
in  such  an  imusually  stable  condition  that  they  can  be  split  only 
by  the  autoclave  hydrolysis. 

Both  Osborne  and  Guest*  and  the  writer*  have  based  protein 
analyses  on  the  assmnption  that  hydrolysis  is  complete  when  the 

*  Zeitsckr.f,  phyeiol.  Chem.,  Ixvii,  p.  8. 
« This  Jourrud,  ix,  p.  336;  ix,  p.  425. 
» Ibid,,  X,  p.  15,  1911. 
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amino  nitrogen  set  free  by  boiling  with  20  per  cent  hydrochloric 
acid  reaches  a  Tnaxiiniim  (sometimes  attained  only  after  twenty- 
four  hours  or  more  boiling).  The  results  of  Henriques  and  Gjald- 
baek  with  egg  albumin  necessitate  a  test  of  the  validity  of  this 
assumption. 

EXPERIMENTAIi. 

Portions  of  1.5  grams  of  each  protein,  in  air-dry  condition,  were  placed  in 
test  tubes  of  100  cc.  capacity.  To  the  tubes  used  in  autoclave  experiments 
50  cc.  portions  of  3n  hydrochloric  acid  were  added;  for  experiments  at  100" 
the  same  volume  of  20  per  cent  hydrochloric  acid  was  used.  The  tubes  for 
autoclave  hydrolysis  were  warmed  in  a  water  bath  for  a  short  time  when 
necessary  in  order  to  bring  the  proteins  completely  into  jBolution  before 
placing  them  in  the  autoclave.  The  latter  was  placed  in  an  oil  bath  at  175**. 
When  the  bath  and  autoclave  reached  equilibrium  the  temperature  had 
fallen  to  150",  and  it  was  maintained  at  this  point  for  the  one  and  one-half 
or  three  hours  duration  of  the  experiment,  at  the  end  of  which  the  autoclave 
was  removed  from  the  bath  and  allowed  to  cool  in  the  air.  The  tubes  for 
hydrolysis  at  100"  were  loosely  stoppered  and  were  immersed  in  a  bath  of 
boiling  water  for  intervals  of  ten,  twenty-four,  or  forty-eight  hours. 

After  hydrolysis  the  hydrochloric  acid  was  distilled  off  as  completely  as 
possible  under  diminished  pressure.  The  ammonia  was  then  determined  by 
distillation  at  15-20  mm.  pressure  with  calcium  hydrate  and  alcohol,  as 
described  in  the  writer's  method  for  analysis  of  proteins.^  The  undissolved 
calcium  hydrate  was  filtered  off  and  the  adsorbed  melanin  determined  by 
the  Kjeldahl  method.*  The  filtrate  was  neutralized  with  hydrochloric 
acid,  concentrated  under  diminished  pressure  and  brought  to  100  cc.  Dupli- 
cate portions  of  20  cc.  were  used  for  Kjeldahl  determinations,  and  10  cc. 
portions  for  estimation  of  amino  nitrogen  by  the  nitrous  acid  method.* 
The  difference  between  the  Kjeldahl  and  NHs  determinations  gives  the  non- 
amino  (NH)  nitrogen.  This  includes  one  NHi  group,  that  of  the  guanidine 
nucleus  of  arginine,  which  does  not  react  with  nitrous  acid.  The  results 
are  given  in  percentages  of  the  total  nitrogen  of  the  proteins. 


•  This  Joumalf  x,  p.  20. 

•  Ibid,,  X,  p.  21. 

•  Ibid.,  ix,  p.  185. 
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TABLE  I. 

Casein. 


TBMPKBATURS  OV 
HTDBOLT8IB 

100' 

IW 

IW 

IW 

IW 

IW 

TIMS  OF  HTDBOLTBIS 

10  hn. 

24  hn. 

48  hn. 

l«hn. 

Shn. 

Shn. 

NH, 

8.9 
65.2 
23.8 

2.1 

9.4 
72.4 
16.1 

2.1 

10.1 

72.1 

16.1 

1.8 

9.8 
72.6 
16.3 

1.3 

9.8 
71.1 
17.0 

2.0 

12.1 

NHl* 

67  9 

NH 

18  0 

Melanin 

2  0 

*.08borne  and  GuMt  (This  Journal,  Iz,  p.  334)  found  71.7  per  cent  of  nitrogen  present  as  NHs  In 
CMeln  completely  hydrolyied  by  boUlng  48  houn  with  20  per  cent  HCl. 

TABLE  II. 
Edestin. 


TSMPKBATUBB  OF  HTDBOLTSn 

IW 

IW 

IW 

IW* 

IW 

IW 

IW 

TIMS  or  HTDBOLTSB 

10  hn. 

24  hn. 

48hr8. 

Uhn. 

ShiB. 

Shn. 

NHi 

8.7 
53.5 
36.2 

1.9 

9.1 

61.9 

27.5 

1.4 

9.9 
62.8 
25.3 

2.1 

10.0 

61.1 

26.3 

1.9 

9.8 
60.3 
27.0 

2.9 

12.9 

61.6 

24.5 

1.0 

15.4 

NHj 

59.3 

NH 

24.3 

Mel&nin 

•1.0 

*  Results  at  110*  are  taken  from  figures  published  In  the  paper  on  Analysis  of  Proteins,  this 
Journal,  x,  p.  15.  The  proteins  were  boiled  with  20  per  cent  hydrochloric  acid  twenty  or  more 
houn.  until  the  amino  nitrogen  became  constant. 


TABLE  ni. 
Wheat  gliadin. 

TBMPERATURB  OF 
BTDBOLTSIB 

100' 

100* 

W 

48  hn. 

24.8 

57.1 

16.0 

2.1 

IWf 

160* 

160* 

TIMB  or  HTDBOLTBU 

10  hn. 

24  hn. 

24.4 

57.3 

16.1 

2.2 

lihn. 

24.5 

56.9 

16.4 

2.1 

Shn. 

NHj 

23.7 

51.3 

22.7 

2.3 

25.5 

57.2 

16.3 

0.9 

25.6 

NHl* 

57.1 

NH 

17.2 

Melanin 

0.2 

*  Osborne  and  Quest  (This  Journal,  \x,  p.  425)  obtained  59.2  per  cent  nitrogen  In  amino  form  In 
completely  hydrolysed  glladln.  Our  somewhat  lower  figure  Is  probably  due  to  a  difference  In  the 
glladin  preparation  used. 

t  Results  at  110*  are  taken  from  figures  published  In  the  paper  on  Analysis  of  Proteins,  this 
Journal,  x,  p.  15.  The  proteins  were  boiled  with  20  per  cent  hytlroohlorlc  acid  twenty  or  more 
houra  until  the  amino  nitrogen  became  constant. 
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TABUS  IV. 
Egg  albumin  (Merck), 


nHpBRATumB  or  BTDSOLnn 

IW 

IW 

lOO' 

m* 

IM* 

nua  or  rtdboltsib 

10  hn. 

S4hn. 

48  kn. 

Uhn. 

Shxs. 

NHi 

5.5 
69.4 
21.9 

3.2 

6.0 
79.5 
12.0 

2.6 

7.7 
78.0 
11.6 

2.7 

7.5 
78.3 
11.7 

2.5 

12.0 

NHi 

73.4 

NH 

13.2 

MolftlUD 

1.4 

TABLE  V. 

Ox  haemoglobin. 


TBHraBATUXa  ov 
HTDBOLTSm 

100* 

i(xr 

iw 

iicr 

IM* 

IN* 

nua  or  HTDBOLTna 

10  kn. 

34  hn. 

48  hn. 

l|hn. 

Shn. 

NH, 

3.7 
68.9 
22.0 

5.3 

3.9 
76.1 
14.9 

5.2 

4.2 
75.9 
15.3 

4.7 

5.2 
74.0 
16.6 

3.6 

4.6 
75.9 
14.3 

5.3 

5.1 

NHt 

74.9 

NH 

15.3 

Melanin 

4.9 

TABLE  VL 
Wheat  gltUen. 


100» 

100* 

lOO* 

IM* 

MO* 

nm  or  htdboltbb 

10  hn. 

14  hn. 

48  hn. 

11  hn. 

Shn. 

NH. 

17.5 

55.9 

23.5 

3.1 

17.8 

62.5 

16.7 

2.9 

18.3 

64.9 

14.3 

2.5 

18.3 

64.9 

14.1 

2.6 

20  8 

NHi 

63  0 

NH 

14  3 

Mf^Ianin 

1  8 

BUMMART. 

The  percentage  of  amino  nitrogen  reaches  a  definite  maximuin  when 
acid  hydrolysis  of  a  protein  is  complete,  and  this  maximum  is  the 
same  whether  the  hydrolysis  occurs  at  100^  or  at  150^,  Approximately 
the  same  results  are  obtained  by  heating  at  100^  with  20  per  cent 
hydrochloric  acid  for  forty-eight  hours  as  by  heating  in  an  auto- 
clave with  3n  acid  for  one  and  one-half  hours  as  recommended  by 
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Henriques  and  Gjaldbaek.^  At  100^  the  amino  nitrogen  reached 
its  maximum  within  ten  hours  in  no  case,  but  within  twenty-four 
hours  in  every  case,  except  that  of  gluten,  which  showed  a  small  but 
definite  increase  (2.4  per  cent)  during  the  second  twenty-four- 
hour  period.  It  appears  that  with  less  acid  than  here  used  (35 
parts  of  20  per  cent  HCl  to  1  part  of  protein)  hydrolysis  may  be 
somewhat  slower,  as  Osborne  and  Guest  found  twenty-four  hours' 
boiling  with  10  parts  of  20  per  cent  HCl  insufficient  to  completely 
hydrolyze  casein. 

The  ammonia,  as  found  by  Henriques  and  Gjaldbaek,  does  not 
reach  an  absolutely  definite  maximum,  but  increases  the  longer 
hydrolysis  is  continued.  At  150^,  prolonging  the  hydrolysis 
beyond  one  and  one-half  hours  caused,  in  the  cases  of  three  of  the 
six  proteins,  an  increase  of  2.5-4.5  per  cent  in  the  ammonia  nitrogen. 
At  160^  the  increase  of  ammonia  is  still  more  marked  and  occurs 
at  the  expense  of  the  amino  nitrogen.  There  is  much  less  ten- 
dency towards  deaminization  at  100^;  the  second  twenty-four-hour 
period  caused  an  increase  of  over  0.8  per  cent  in  the  ammonia  only 
in  the  case  of  egg  albumin  (1.7  per  cent).  Henriques  and  Gjald- 
baek  have  shown  that  the  well  known'  alteration  which  cystine 
undergoes  when  boiled  with  hydrochloric  acid  is  accompanied 
by  deaminization.  That  any  of  the  other  natural  amino-acids 
are  deaminized  to  an  appreciable  extent,  unless  heated  imder 
pressure,  appears  doubtful.  That  the  ammonia,  or  "amide  nitro- 
gen/' arises  chiefly  from  the  acid  amide  groups  of  the  asparagine 
and  glutamine  in  the  protein  molecule,  as  indicated  by  the  results 
of  Osborne,  Leavenworth  and  Brautlecht,*  is  consistent  with  al) 
present  results. 


*  Loc.  cit. 

*  Mdmer:  ZeiU^hr.  /.  phynoL  Chem.,  xxxiv,  p.  207;  Van  Slyke:  this  Jour- 
naif  X,  p.  38. 

'  Amer.  Jaum,  of  Physiol.,  zxiii,  p.  194, 1906. 
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6ASOMETRIC   DETERMINATION    OF   FREE  AND    CON- 
JUGATED AMmO-ACmS  IN  THE  URINE. 

By  p.  a.  LEVENE  and  DONALD  D.  VAN  SLYKE. 

(From  the  Rockefeller  InetittUefar  Medical  Research,  New  York.) 

(Received  for  publication  July  2,  1012.) 

The  methods  for  the  gasometric  determination  of  total  (free 
+  conjugated^  and  free^  amino-acid  nitrogen  in  the  urine  have 
been  outlined  in  preliminary  communications  by  one  of  us.  The 
present  paper  describes  the  methods  in  detail,  gives  some  compara- 
tive results  with  the  gasometric  and  formol  methods,  and  presents 
the  results  obtained  with  a  number  of  normal  and  pathological 
human  urines  and  with  the  urines  of  some  dogs  under  unusual 
experimental  conditions. 

For  the  determination  of  the  total  (free  and  conjugated)  amino- 
add  nitrogen  of  the  urine  the  gasometric  method  has  decided 
advantages  over  the  well  known  Sdrensen  formol  titration.' 
Both  methods  require  heating  with  acid  to  hydrolyze  the  conju- 
gated amino-acids  (hippuric  acid,  peptone,  etc.).  In  the  actual 
determination,  however,  the  gasometric  method  has  an  inherent 
advantage,  in  that  it  offers  a  sharply  defined  volimie  of  nitrogen 
gas  to  be  measured  at  a  single  burette  reading;  while  the  formol 
titration  necessitates  the  determination  of  two  end  points,  one  with 
litmus  and  the  other  with  phenolphthalein,  neither  point  being 
so  sharply  defined  as  those  commonly  used  in  volumetric  work. 
The  formol  titration  is  further  complicated  when,  as  here,  the  solu- 
tion to  be  analyzed  is  dark  in  color.  This,  of  coiu'se,  does  not 
interfere  with  the  gasometric  determination.  The  latter  possesses 
another  advantage  in  accuracy,  particularly  when  small  amounts 
are  to  be  determined,  in  that  the  volume  of  nitrogen  gas  evolved  is 
five  times  that  of  the  f  barium  hydroxide  solution  required  to 

^  Van  Slyke:  Ber.  d,  deiUech.  chem,  OeseHsch.,  xliii,  p.  3179. 

•Ibid.,  zUy,  p.  1685. 

'  Biochem.  ZeiUchr,,  vii,  p.  44. 
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titrate  the  same  amount  of  amino  nitrogen.  To  the  formol  method 
also  attaches  the  theoretical  objection,  pointed  out  by  its  origi- 
nators, that  the  results  will  be  raised  by  the  presence  of  weak  organic 
acids,  such  ss  oxybutyric,  which  require  more  alkali  to  neutralize 
them  to  phenolphthalein  than  to  litmus  paper.  Whether  the 
error  from  this  source  is  large  enough  to  affect  the  significance  of 
results  is  still  undetermined. 

For  the  determination  of  free  (unconjugated)  amino-acids,  on 
the  other  hand,  the  formol  method  has  a  great  advantage  over  the 
gasometric  in  that  the  former  is  not  affected  by  the  presence  of 
urea.  Urea,  which  we  have  been  unable  to  remove  without  either 
hydrolyzing  conjugated  amino-acids  or  removing  free  ones,  reacts 
slowly  with  nitrous  acid,  so  that  a  correction  has  to  be  introduced 
for  it  into  the  gasometric  results.  Although  this  correction  can  be 
determined  with  a  fair  degree  of  accuracy,  the  proportion  of  urea 
to  amino-acid  nitrogen  is  so  great  (50  or  100  to  1)  that  the  necessity 
for  the  correction  more  than  offsets  the  advantages  which  the  gaso- 
metric method  possesses  in  the  absence  of  urea  or  the  presence  of 
relatively  small  amounts.  A  possible  error  of  ^0.5  per  cent  of 
the  total  nitrogen  of  the  urine  must  be  allowed  for.  As  the  free 
amino-acid  nitrogen  normally  constitutes  only  about  1  per  cent 
of  the  total  nitrogen  of  the  himian  urine,  it  is  evident  that  the  gaso- 
metric method  is  here  of  value  only  for  determining  an  abnormally 
high  content  of  amino-acids.  For  the  detection  of  a  significant 
increase  it  is  adequate.  It  also  possesses  the  advantage,  over  the 
formol  method,  that  it  cannot  be  affected  by  the  occurrence  of 
abnormally  large  amounts  of  organic  acids  in  the  urine.  For  this 
reason  we  have  described  a  form  of  the  gasometric  method  which 
we  have  found  practicable,  although  it  is  not  ordinarily  so  accurate 
as  the  formol  method  for  free  amino-acid  nitrogen,  especially  in 
the  form  in  which  the  latter  has  been  recently  developed  by  Bene- 
dict and  Murlin.* 

DETERMINATION    OP   TOTAL    (PRBB   AND    CONJUGATED)    ABnNO-ACID 
NITROGEN  IN  THE  URINE. 

In  this  estimation  hippuric  acid,  peptides,  albumin,  etc.,  are 
hydrolyzed,  while  urea  is  decomposed  into  ammonia  and  carbon 

*  ProceedtngB  of  the  Soc,  of  Exp,  Biol,  and  Med,,  ix,  May,  1912. 
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dioxide  by  heating  with  dilute  sulphuric  acid  under  pressure. 
The  ammonia  is  then  boiled  off,  removing  both  the  preformed 
ammonia  and  that  from  the  decomposed  urea,  and  the  amino  nitro- 
gen is  determined  in  the  residual  solution.  One  can  obtain  very 
accurate  results  with  this  method. 

To  75  cc.  of  urine  in  a  large  test  tube  one  adds  2.5  cc.  of  concen- 
trated sulphuric  acid.  The  urine  is  then  heated  in  an  autoclave 
at  175^  for  an  hour  and  a  half.*  It  is  then  transferred  to  a  300 
cc.  Jena  Elrlenmeyer,  5  to  6  grams  of  powdered  calcium  hydrate 
are  added,  with  a  piece  of  paraflSn  to  prevent  foaming,  and  the 
mixture  is  boiled  until  the  vapors  no  longer  turn  red  litmus  blue. 
If  necessary,  water  is  added  to  keep  the  solution  from  going  dry 
before  this  point  is  reached.  Usually  all  the  ammonia  is  driven 
off  within  about  an  hour,  but  sometimes  a  urine  is  encoimtered 
which  requires  twice  as  long. 

The  hydrolyzed  urine  is  filtered  through  a  folded  filter  into  an 
evaporating  dish,  the  precipitate,  consisting  of  calcium  sulphate, 
hydrate,  etc.,  being  washed  ten  times  with  hot  water.  The  filtrate 
is  concentrated  on  the  steam  bath  to  a  volimie  of  a  few  cc.  and 
filtered  from  the  small  amount  of  calcium  salt,  which  has  settled 
out,  into  a  25  cc.  measuring  flask.  One  can  then  perform  dupli- 
cate amino  determinations  in  the  usual  way^  on  10  cc.  portions. 
The  total  amino  nitrogen  in  normal  urines  appears  to  be  quite 
constant  at  1.5  to  2.5  per  cent  of  the  total  nitrogen.  More  than 
3  per  cent  we  have  encountered  only  in  pathological  cases,  in  which 
the  high  results  are  usually  due  to  albumin. 

About  a  full  working  day  is  required  by  the  above  method  to  pre- 
pare the  urines  for  the  final  determination;  but  during  a  large  part 
of  the  time  (heating  in  autoclave,  concentrating  on  water  bath) 
but  little  attention  is  required.  As  many  urines  can  be  prepared 
at  the  same  time  as  the  autoclave  will  hold  tubes,  the  ammonia 
from  all  being  boiled  off  at  the  same  time  on  a  hot  plate. 

The  following  results  indicate  the  accuracy  of  the  method.    Two 

*  The  quantitative  decomposition  of  urea  under  these  conditions  was 
demonstrated  by  Benedict  and  Gephart  {Joum,  Amer.  Chem.  SoCt  1909) 
and  confirmed  by  Levene  and  Meyer  (ibid).  The  new  method  of  Benedict 
(decomposition  of  the  urea  in  a  KHSO4  melt)  is  not  applicable  here. 

*  Van  Slyke :  this  Journal,  ix,  p.  185;  cf .,  also,  preceding  article  on  improve- 
ments in  the  method. 
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75  cc.  portions  of  normal  urine  were  analyzed  as  described,  0.1835 
gram  of  Eahlbaum's  alanine  having  been  added  to  one  portion, 
the  other  serving  as  control.  The  solutions,  at  the  end  of  the  analy- 
sis, were  brought  to  25  cc.  and  the  amino  nitrogen  determined,  as 
usual,  in  10  cc.  portions. 


N 

TKIfPUI- 

▲TUBB 

PBUtUBB 

NHr-N 

ALAmm  N 

FOUND 

ALANUnsN 
PBSSBMT 

Urine  I 

ee. 

9.0 

9.0 

29.4 

29.1 

d^trmt  C. 
21 
21 
20 
19 

mm. 
758 
758 
757 
756 

mffm. 

5.09 

5.09 

16.67 

16.56 

11.58 
11.47 

mgm. 

Urine  II 

Urine— Alanine  I . . . 
Urine— Alanine  II. . 

11.55 
11.55 

The  fact  that  the  autoclave  treatment  effects  a  practically  com- 
plete cleavage  of  hippuric  acid  is  shown  by  the  following.  One 
gram  of  sodium  hippurate  was  dissolved  in  75  cc.  of  water  with 
2.5  cc.  of  concentrated  sulphuric  acid  and  heated  one  and  a  half 
hours  in  the  autoclave.  The  solution  was  then  diluted  to  100  cc. 
and  determinations  of  the  total  nitrogen  present  made  upon  20  cc. 
portions,  those  of  the  amino  nitrogen  upon  10  cc.  portions. 


TOTAL  NITBOGKM 

AMINO  mTBOGUr 

Found 

Cafoukted 

Found 

CaleuUited 

0.0693 

0.0696 

0.0685 

0.0696 

The  complete  hydrolysis  of  a  soluble  protein  effected  by  the  auto- 
clave treatment  is  shown  by  the  following  results.  One  gram  of 
air-dried  proto-albumose  was  dissolved  in  75  cc.  of  water,  the 
remainder  of  the  treatment  being  that  described  above  in  the  hip- 
puric acid  experiment.  The  total  nitrogen  found  was  0.1484 
gram;  the  amino  nitrogen  was  0.1025  gram,  or  69.1  per  cent  of  the 
total.  In  proto-albumose,  completely  hydrolyzed  with  boiling 
hydrochloric  acid,  69.13  per  cent  of  nitrogen  in  amino  form  was 
found.^  While  all  proteins  may  not  be  hydrolyzed  with  the  same 
degree  of  absolute  completeness,  it  may  be  stated  with  confidence 
that  the  amount  of  unhydrolyzed  albumin  left  in  a  urine  after  the 
autoclave  treatment  for  destruction  of  urea  will  be  minimal. 

'  Levene,  Van  Slyke  and  Birchard:  this  Journal^  x,  p.  68, 1911. 
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DBTEBMINATION  OF  FBBE  AlONO-iA/lD  NITBOGEN. 

The  amino-acids,  when  treated  with  nitrous  acid  under  the  con- 
ditions used  for  amino  nitrogen  determination,"  give  off  in  two  to 
five  minutes  100  per  cent  of  their  nitrogen.  Urea  under  the  same 
conditions  requires  about  eight  hours  to  react  completely.  In 
two  to  five  minutes  it  gives  off  only  3-4  per  cent  of  its  nitrogen,  and 
the  reaction  continues  for  a  considerable  time  without  appreciable 
change  iu  the  volume  of  nitrogen  evolved  per  minute.  This  rate 
is  also  unaffected  by  the  presence  of  reacting  amino-acids.  By 
taking  advantage  of  the  slow  and  regular  rate  at  which  urea  reacts, 
one  can  determine  in  its  presence  the  nitrogen  of  the  almost  instan- 
taneously reacting  amino-acids,  making  a  correction  for  the  small 
percentage  of  lu-ea  which  reacts  within  the  short  time  required 
for  the  determination. 

The  ammonia  must  first  be  removed,  and  the  determinations  of 
NHt-  and  NHr-nitrogen  can  be  conveniently  combined.  We  found 
distillation  with  calcium  hydrate  under  diminished  pressure  the 
most  satisfactory  means  for  removing  and  determining  the  am- 
monia. The  apparatus  and  technique  used  are  the  same  as  de- 
scribed for  the  determination  of  amid  nitrogen  in  proteins.* 
Fifty  or  100  cc.  of  urine,  with  an  equal  volimie  of  95  per  cent  alco- 
hol and  enough  of  a  10  per  cent  calcium  hydrate  suspension  to  give 
a  strongly  alkaline  reaction,  are  placed  in  a  double-necked  distill- 
ing flask  of  500  cc.  or  1  liter  capacity,  and  distilled  as  described, 
until  all  the  alcohol  has  been  driven  off.  This  point  is  reached  in 
twenty  to  thirty  minutes  and  is  indicated  by  vigorous  foaming  of 
the  solution.  It  is  essential  that  the  removal  of  the  ethyl  alcohol 
be  practically  complete;  as  when  mixed  with  nitrous  acid  it  gives 
off  vapors  or  gases  which  are  only  with  difficulty  absorbed  by  the 
permanganate  solution. 

The  distillation  being  finished,  the  calcium  hydrate  and  salts 
are  dissolved  by  the  addition  of  2-3  cc.  of  glacial  acetic  acid.  The 
urine  is  now  transferred  to  a  measuring  flask  and  made  up  to  its 
original  volume  of  50  or  100  cc.  Of  this,  10  cc.  portions  are  used 
for  the  amino  determination.    It  is  of  no  advantage,  except  in 

'Van  Slyke:  Qaantitative  Determination  of  Aliphatic  Amino  Groups, 
this  Journal,  ix,  p.  185;  xii,  p.*  275. 
•  Van  Slyke:  this  Journal,  x,  p.  21. 
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unusually  dilute  urines,  to  concentrate  the  urine  so  that  relatively 
more  can  be  used  for  the  determination.  The  limit  of  accuracy 
of  the  determination  depends  upon  that  of  the  urea  correction,  and 
the  absolute  error  of  this  is  increased  in  proportion  to  the  concen- 
tration of  the  urea,  so  that  there  is  little  or  nothing  to  gain  in  per- 
centage accuracy  by  increasing  the  volimie  of  gas  to  be  measured. 

The  amino  determination  and  the  correction  for  the  urea  are  now 
made  as  follows.  One  amino  determination  is  performed,  the  dura- 
tion of  the  reaction  being  the  shortest  time  in  which,  at  the  preva- 
lent temperature,  amino-acids  will  react  completely.  Immediately 
thereafter  the  determination  is  repeated  under  the  same  precise 
conditions,  except  that  the  reaction  is  continued  for  exactly  twice 
as  long.  The  increase  in  volume  obtained,  by  doubling  the  re- 
action time,  represents  the  amount  of  nitrogen  evolved  from  the 
urea  during  half  the  time  of  the  second  determination,  or,  the  entire 
duration  of  the  first.  It  is,  therefore,  the  correction  which  must 
be  subtracted  from  the  first  result  in  order  to  leave  only  the 
nitrogen  obtained  from  amino-acids.  Amino-purines  and  amino- 
pyrimidines  react  slowly,  like  urea,  and  consequently  if  present 
will  not  be  determined  with  the  amino-acids. 

In  the  preliminary  description  of  the  method,  when  the  original 
hand-manipulated  apparatus  was  employed,  six  and  twelve  minutes 
were  the  durations  used  for  the  two  determinations.  The  more 
eflScient  action  of  a  rapidly  shaken  motor-driven  apparatus  en- 
ables one  to  cut  the  time  down  to  the  following:  for  temperatures  of 
15  to  20°,  four  and  eight  minutes;  for  20  to  26°, three  and  six  min- 
utes; for  over  25°,  two  and  four  minutes.  During  the  shorter  of 
the  two  determinations  the  reacting  solution  is  shaken  constantly 
and  rapidly.  During  the  longer  determination  it  may  either  be 
shaken  constantly,  or,  during  the  first  half  minute  (to  mix  the  solu- 
tions) and  the  last  two  minutes  (to  drive  out  all  the  nitrogen 
formed).  It  is  particularly  essential  that  the  shaking  should  be 
rapid  diu-ing  the  last  minute,  in  each  case,  so  that  the  nitrogen 
formed  up  to  the  end  of  the  interval  may  be  at  once  driven  out. 

The  volumes  of  acetic  acid  and  nitrite  solution  used  and  the 
volume  of  nitrous  acid  solution  in  the  deaminizing  vessel  when  the 
urine  is  nm  in,  must  here  be  accurately  the  same  in  each  pair  of 
determinations,  and  not  roughly  measured,  as  may  be  the  case 
in  ordinary  amino  analyses.    Exact  measurement  of  the  reaction 
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time  is  also  essential  and  is  easy  to  attain  with  a  stop  watch.  In 
order  to  make  the  starting  points  for  the  time  measurement  as 
sharp  as  possible,  we  run  the  urine  into  the  deaminizing  vessel 
rapidly  until  only  a  few  tenths  of  a  cubic  centimeter  remain  to  be 
added.  The  watch  is  then  started,  while  the  remaining  small 
portion  of  the  solution  is  added  more  cautiously. 

The  approximate  constancy  of  the  reaction  rate  of  urea  during 
at  least  the  first  eight  minutes,  at  a  given  temperature,  is  illus- 
trated by  the  following  figures.  The  solution  used  contained  2 
per  cent  of  urea,  about  as  much  as  an  average  human  urine. 


DUBASIOH  or 

mmBATUBB 

N 

mintittt 

d^tnm  C. 

ee. 

ee. 

3 

25 

9.8 

3.27 

6 

25 

19.5 

3.25 

4 

26 

13.2 

3.30 

8 

25 

26.2 

3.28 

3 

19 

5.8 

1.93 

3 

19 

6.0 

2.00 

6 

19 

12.0 

2.00 

6 

19 

11.6 

1.93 

The  following  determinations  indicate  that  approximate  results 
for  amino-acid  nitrogen  can  be  obtained  in  the  presence  of  a  great 
excess  of  urea,  making  the  correction  for  urea  in  the  manner  de- 
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13.9 

14.2 
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6 

24 
24 

752 
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23.r 
31. 6  J 

8.5 

14.6 

14.2 

3 

6 

24 
24 

752 
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23.31 
31.7J 

8.4 

14.9 

14.2 

2 
4 

29 
29 
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23.81 
33. 5J 

f 

9.7 

14.1 

14.3 

2 

4 

29 
29 

760 
760 

23.61 
33.3J 

• 

9.7 

13.6 

14.3 

2 

4 

29 
29 

760 
760 

23.8' 
33.4J 

i 

9.6 

14.2 

14.3 
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scribed  above.  The  solution  used  contained  2  grams  of  urea  and 
0.5  gram  of  alanine  per  100  cc.  The  proportion  of  urea  nitrogen 
to  amino-acid  nitrogen  was  12:1.  Three  pairs  of  determinations 
were  performed  on  each  of  two  different  days,  on  which  there  were 
5^  difference  in  the  room  temperatures.  The  solutioD  was  kept  at 
0^  during  the  interval  in  order  to  prevent  the  rapid  deaminisation 
which  bacteria  can  accomplish. 

As  a  further  control,  200  cc.  of  normal  human  urine,  containing 
0.574  gram  of  nitrogen  per  100  cc,  were  freed  from  ammonia  as 
previously  described  (ammonia  nitrogen  «  0.021  gram  per  100 cc). 
Determination  of  the  free  amino  nitrogen  in  this  urine  showed  that 
the  amoimt  present  was  too  small  to  detect.  Two-minute  deter- 
minations at  29^  gave  4.0, 4.0,  4.3  cc.  of  N;  four-minute  determina- 
tions gave  8.1,  8.4,  8.4  cc.  One-half  gram  of  alanine  was  dissolved 
in  100  cc.  of  the  luine,  which  was  then  freed  from  ammonia, 
brought  back  to  100  cc,  and  used  for  the  following  determinations. 
The  temperature  was  19®,  pressiu^,  760  mm. 


DUXATIOM  or 

N 
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BBAOnOll 
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6 
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22.7/ 

13.3 

13.8 

-0.6 

3 

6 

18. 3\ 

22.6/ 

14.1 

13.8 

+0.3 

ANALYSES    OF    HTTBfAN    NORMAL    AND    PATHOLOGICAL    UBINES. 


The  analyses  tabulated  were  carried  out  as  described  above 
except  that  most  of  the  determinations  of  free  amino-acid  nitrogen 
were  performed  by  the  earlier  modification^®  used  before  the  im- 
proved apparatus  for  determining  amino  nitrogen^  was  available. 
When  the  results  for  total  amino-acid  nitrogen  were  checked  with 
Sdrensen's  formol  method,  10  cc.  of  the  26  cc.  of  final  solution  were 
used  for  the  gasometric  determination  and  an  equal  portion  for 

i«  Ber.  d,  deutach.  chem.  OeselUch,,  xliv,  p.  1685, 1911. 
"  This  Journal,  xii,  p.  276. 
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the  formol  titration.  The  formol  results,  though  in  some  cases 
not  appreciably  different  from  the  gasometric,  were  as  a  rule  mark- 
edly higher,  the  maximum  difference  being  equal  to  1  per  cent  of 
the  total  nitrogen  of  the  urine. 

The  higher  results  for  the  formol  method  may  be  due  to  the 
presence  of  organic  acids,  which  are  prejudicial  to  its  accuracy.  It 
appears  doubtful  that,  as  a  rule,  this  source  of  error  is  sufficient 
to  cause  a  clinically  or  scientifically  significant  deviation  in  the 
formol  results,  although  a  positive  statement  can  not  be  made  imtil 
the  formol  and  gasometric  methods  have  been  used  together  on  a 
larger  and  more  varied  collection  of  urines. 

The  total  (free  +  conjugated)  amino-acid  nitrogen  bears  a 
fairly  constant  relation  to  the  total  nitrogen.  All  the  normal  and 
most  of  the  pathological  urines  contain  not  less  than  1.1  nor  more 
than  2.8  per  cent  of  their  nitrogen  in  this  form.  .  The  only  cases 
in  which  3  per  cent  was  exceeded  were  those  of  nephritis  and  the 
arthritic  cases,  which  also  usually  have  albumen  in  the  urine. 
The  probability  that  all  the  abnormal  amino  nitrogen  obtained 
was  freed  by  cleavage  in  autoclave  is  shown  by  the  later  cases,  in 
which  the  free  amino  nitrogen  was  also  determined.  This  is  not 
high  even  when  the  total  amino  nitrogen  of  a  nephritic  reaches  24 
per  cent.  Aside  from  nephritic  cases,  one  cancer  case  gave  a  very 
high  figure,  6.07  per  cent.  Unfortunately  we  had  no  determina- 
tion of  the  free  amino  nitrogen  in  this  case.  Two  cases  of  liver 
cirrhosis  gave  entirely  normal  values. 

The  free  amino  nitrogen  never  exceeded  1.5  per  cent  in  the  limited 
number  of  cases  in  which  it  was  determined. 
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HO. 

^A«« 
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PBB  100  00. 
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TOTAL  NHl 
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PBB  100 
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0.623 
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0.624 
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0.585 
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0.363 
1.201 
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0.454 
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0.655 
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0.943 
1.813 
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0.364 
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1.470 
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0.455 
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TOTAL  NHt 
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(Formol) 


NHs 
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Normal  dog  (urine  diluted) 

Normal  dog  (urine  diluted) 

Dog  fed  glycine  anhydride  (urine 
diluted) 

^Dog  poisoned  10  days  with  chloro- 
form  

*Dog  poisoned  11  days  with  chloro- 
form   

*Dog  poisoned  with  chloroform  and 
phosphorus  (urine  diluted) 

Normal  dog  fed  2  grams  (22-phenyl- 
alanine  (urine  diluted) I 

Normal  dog  fed  ctt-aspartic  acid 
(urine  diluted) 

Gastrectomized  dog,  normal  diet 
(urine  diluted) ? 

Gastrectomised  dog,  normal  diet 
(urine  diluted) 

Gastrectomised  dog,  normal  diet 
(urine  diluted) 

Gastrectomised  dog,  normal  diet 
(urine  diluted) 

Dog  which  had  received  12  grams  of 
(2^-alanine  intravenously  20  min- 
utes before  catheterizing 
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0.893 

0.226 
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0.406 
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1.67 
1.05 
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1.59 
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1.90 

2.78 

2.02 
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1.79 
0.92 

39.20 


52.40 


•Urine  furaJahad  by  Dr.  DoehM. 


It  was  a  cause  for  surprise  that  the  dogs  poisoned  with  chloro- 
form and  with  chloroform  and  phosphorus,  gave  urines  containing 
only  the  normal  small  percentage  of  amino  nitrogen,  although  the 
livers  of  these  animals  were  degenerated  to  an  extreme  degree. 
These  results  indicate  that  even  rapid  degeneration  of  the  liver 
may  not  result  in  excretion  of  aming-acids.  The  two  cases  of 
human  liver  cirrhosis  also  showed  only  normal  amino  nitrogen  in 
the  urine. 

The  non-utilizability  of  glycine-anhydride  in  the  organism  is 
strikingly  shown  by  the  tremendous  excretion  of  conjugated  amino- 
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acid  nitrogen  following  its  administration.  The  permeability  of  the 
kidney  for  amino-acids,  when  injected  directly  into  the  blood,  is 
shown  by  the  last  result.  It  does  not  indicate  that  the  organism 
fails  to  utilize  amino-acids  even  thus  injected,  however,  for  only  1.5 
grams  of  the  12  grams  of  alanine  injected  were  excreted  imchanged. 
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ON  THE  OCCURRENCE  OF  METHYL  GUANIDINE  IN  THE 
URINE  OF  PARATHTROIDECTOMIZED  ANIMALS. 

By  W.  F.  KOCH. 

(From  t?ie  IxiborcUory  of  Physiological  Chemistry ,  University  of  Michigan,) 

(Receiyed  for  publication,  July  2,  1912.) 

The  experiment  described  in  this  paper  was  designed  to  deter- 
mine whether  guanidine  could  be  detected  in  the  urine  of  animals 
subjected  to  thyro-parathyroidectomy. 

On  May  8,  the  thyroid  and  parathyroid  glands  were  removed 
from  a  dog  weighing  18.5  kgms.  On  May  10,  at  11  a.m.,  fibrillary 
twitchings  were  noted  in  his  body  muscles.  The  symptoms  in- 
creased in  violence  until  at  9.16  p.m.  he  died  in  severe  tetany. 
During  this  period  he  excreted  2250  cc.  of  urine,  which  was  exam- 
ined as  follows: 

The  kynurenic  acid  was  removed  with  hydrochloric  acid.  The 
protein-like  substances  were  precipitated  from  the  acid  filtrate 
with  20  per  cent  tannin  solution.  The  tannin  excess  was  removed 
with  barium  hydroxide,  the  barium  excess  with  sulphuric  acid 
and  the  excess  of  the  latter  with  lead  oxide.  The  resulting  filtrate 
was  then  treated  with  a  hot  saturated  solution  of  sodium  acetate 
and  mercuric  chloride  imtil  no  more  precipitate  formed,  according 
to  the  method  of  Engeland.^  The  precipitate  was  then  filtered  off, 
washed  with  a  cold  saturated  solution  of  mercuric  chloride  and 
sodium  acetate,  treated  with  hot  dilute  hydrochloric  acid  and  the 
soluble  portion  filtered  from  the  insoluble.  The  filtrate  was  then 
decomposed  with  hydrogen  sulphide  and  filtered.  The  resulting 
filtrate  was  evaporated  to  a  thick  syrup  and  extracted  with  methyl 
alcohol.  The  extract  was  then  filtered  from  inorganic  salts.  The 
methyl  alcohol  was  evaporated  from  the  filtrate,  the  residue 
extracted  with  ethyl  alcohol,  filtered  from  insoluble  residue  and 

*  Zeiisckr.f,  physiol,  Chem,^  Ivii,  p.  49. 
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again  extracted  with  alcohol.  This  process  was  repeated  until  no 
more  creatinine  and  ammonium  salts  were  dissolved.  The  result- 
ing alcoholic  solution  was  treated  with  20  per  cent  platinic  chloride 
until  no  more  precipitate  occurred.  The  precipitate  was  then 
filtered  off. 

The  filtrate  was  decomposed  ^th  hydrogen  sulphide,  the  plati- 
num sulphide  removed,  the  filtrate  evaporated  to  a  thick  syrup 
and  treated  with  a  30  per  cent  solution  of  gold  chloride. 

The  platinic  precipitate  was  suspended  in  water,  decomposed 
with  hydrogen  sulpLide  and  the  platinum  sulphide  filtered  off. 
To  the  resulting  liquid  a  30  per  cent  solution  of  gold  chloride  was 
added. 

From  the  gold  solution  from  the  platinic  filtrate,  after  standing 
in  the  desiccator  for  several  days,  a  rich  crop  of  beautiful  needles 
formed  and  were  filtered  off.  In  the  course  of  another  day  a 
second  precipitate  of  needles  and  cubes  occurred.  These  were 
separated  mechanically  as  far  as  possible  and  fractionally  crystal- 
lized. From  the  mother  liquid,  on  further  standing,  another 
precipitate,  apparently  only  of  cubes  and  plates,  formed.  Both 
fractions  of  needles  on  recrystallization  showed  the  same  melting 
point,  namely,  198^C.  (imcorrected).  They  possessed  also  similar 
solubilities  in  water  and  ether  and  were  therefore  combined. 

From  the  gold  solution  of  the  platinum  precipitate  a  crop  of 
needles  crystaUized.  These  were  filtered  off.  In  the  course  of 
twenty-four  hours  another  precipitate  of  both  needles  and  rhom- 
boid plates  was  obtained.  The  needles  and  plates  were  frac- 
tionally cr3rstallized  and  both  yields  of  needles,  which  possessed 
the  same  melting  point  (198^C.),  were  united. 

Owing  to  the  similarity  in  the  melting  points  and  the  solubilities 
of  the  needles  of  both  the  platinic  filtrate  and  precipitate,  they  were 
united  and  weighed,  the  total  yield  being  4.3  grams.  They  were 
recrystallized  from  hot  dilute  hydrochloric  acid  and  a  portion  dried 
in  the  air  and  later  at  90°  for  melting  point  and  gold  content  deter- 
minations.   At  198®  they  melted  to  a  red  brown  liquid. 

Analysis  :    (a)  0.084    gram  substance  gave  0.0402  gram  Au. 
(b)  0.1635  gram  substance  gave  0.078    gram  Au. 


Au 


Oaloulated  for 

Found: 

CiHtNi.HCI.AuC1: 

(a) 

(b) 

47.7 

47.86 

47  71 
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Complete  analyses  have  not  been  made  but  the  melting  point 
and  gold  percentage  identify  the  substance  as  methyl  guanidine 
aurochloride. 

From  the  remaining  gold  solution  of  the  platinic  precipitate 
after  standing  several  days  in  the  desiccator  and  after  cooling  at 
a  temperature  of  30**  for  twelve  hours  a  yield  of  about  2  grams  of 
crystals  was  obtained.  These  were  foimd  to  melt  in  a  peculiar 
manner  after  recrystallization  and  drying.  At  about  180**  they 
gradually  became  cloudy  and  between  207®  and  208..^°  melted  to 
a  brown  oil.  Finally  about  a  gram  of  prisms  melting  at  SIO^'C. 
were  obtained.    They  will  be  further  studied. 

Methyl  guanidine  was  first  isolated  from  normal  human  urine 
by  Eutscher  and  Lobman.'  From  100  liters  they  obtained  about 
4  grams  as  the  aurochloride.  Later  Engeland'  isolated  2.1  grams 
of  the  gold  salt  from  28  liters  of  normal  urine.  From  11  liters  of 
normal  dogs'  urine  Achelis^  isolated  0.122  gram  as  the  picrolonate, 
corresponding  to  about  0.04  gram  of  the  free  base  per  liter  of  urine. 
These  results  correspond  to  about  0.07  gram  of  the  gold  salt  per 
liter  of  normal  urines,  both  of  man  and  dog.  In  the  case  noted 
above  the  yield  was  considerably  in  excess,  namely,  1.9  grams  as 
the  gold  salt  per  liter.  The  greater  part  was  probably  excreted 
on  the  day  of  the  animal's  death  since  no  symptoms  were  noticeable 
until  ten  hours  before  death.  During  the  last  five  hours  he  passed 
only  a  few  cubic  centimeters  of  urine.  On  microscopic  examina- 
tion of  the  kidney,  the  cortex  was  f oimd  to  be  very  hyperemic  and 
hemorrhagic.  Many  of  the  glomeruli  had  become  blood  islands, 
with  complete  loss  of  Bowman's  capsule.  It  is  not  surprising 
that  imder  these  conditions  little  urine  was  passed  during  the  hours 
just  preceding  death,  a  probable  indication  that,  since  the  kidney 
function  had  been  inhibited,  whatever  methyl  guanidine  might 
have  been  formed  must  have  accumulated  in  the  blood. 

Further  investigation  is  being  carried  on  concerning  the  extent 
to  which  methyl  guanidine  is  responsible  for  the  symptoms  and 
death  of  the  parathyroidectomized  animals  and  concerning  the 
nature  of  the  other  bases  which  our  work  has  shown  to  be  present. 

I  take  pleasure  in  expressing  my  gratitude  to  Dr.  Vaughan,  Dr. 
Huber  and  Dr.  Novy  for  their  kind  interest  and  many  helpful 
favors  rendered  during  the  course  of  the  work. 

*  ZeiUchr.f,  phyaiol.  Chem.,  xlix,  p.  81. 
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ANIMAL  CALORIMETRT. 

FIRST  PAPER. 

A  SMALL  RESPIRATION  CALORIMETER. 

Platbs  ii-rv. 

By  H.  B.  WILLIAMS. 

(From  the  Phy9iologtc<d  Laboratory,  Cornell  Unxversity  Medical  College,  New 

York,) 

(Received  for  publication,  July  17,  1912.) 

It  is  the  purpose  of  this  paper  to  describe  briefly  an  apparatus 
for  studying  the  energy  metabolism  and  gaseous  exchanges  in 
infants  and  small  animals,  and  to  give  an  account  of  the  control 
experiments  which  have  been  made  with  the  apparatus  in  order  to 
determine  the  magnitude  of  the  errors  to  which  the  various  meas- 
urements are  liable. 

The  apparatus  is  a  constant-temperature,  water-cooled  calori- 
meter. 

The  removal  of  the  heat  is  brought  about  by  a  constantly  flowing 
stream  of  water.  Considered  as  a  respiration  apparatus,  it  is  of 
the  closed  circuit  type  of  Regnault  and  Reiset.^  In  its  general 
plan  it  is  based  on  the  type  of  apparatus  developed  by  Atwater 
and  Rosa'  and  embodies  many  of  the  structural  features  which 
have  been  introduced  by  Benedict.'  A  complete  and  detailed 
description  of  the  apparatus  would  expand  the  paper  beyond  the 
scope  of  a  journal  article.  The  plans  of  the  larger  calorimeters  at 
Middletown  and  at  Boston  have  been  described  in  great  detail  in 

'Regnault  and  Reiset:  Ann,  d,  Chem,  u.  Pharm,,  Ixxiii,  pp.  92,  129, 
257,  1860. 

*  Atwater  and  Rosa:  Description  of  a  New  Respiration  Calorimeter,  U.  8. 
Department  of  Agriculture  Bull.  63,  1899. 

*  Atwater  and  Benedict:  A  Respiration  Calorimeter,  unth  Appliances 
for  Direct  Determination  of  Oxygen,  Carnegie  Institution  of  Washington 
Publication  42,  1905. 
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various  bulletins  of  the  Department  of  Agriculture  and  of  the 
Carnegie  Institution  of  Washington.^  It  seems,  therefore,  that  a 
description  of  the  apparatus  in  general  terms,  with  the  assistance 
of  photographs,  will  make  clear  our  experimental  procedure  to  any- 
one who  is  at  all  familiar  with  the  publications  above  referred  to. 
From  these  publications  also  may  be  obtained  a  full  accoimt  of 
the  methods  of  calculating  the  results.  Certain  special  features 
of  the  small  calorimeter  will  be  described  in  greater  detail. 

As  in  the  larger  instruments  of  Atwater,  Rosa  and  Benedict, 
the  respiration  chamber  consists  of  a  rectangular  copper  box. 
The  inside  dimensions  are  approximately  66  cm.  wide,  76  cm. 
high  and  96  cm.  long.  The  capacity  of  the  chamber  is  approxi- 
mately 480  liters. 

In  the  front  of  the  chamber  is  a  window  for  the  entrance  of  the 
subject.  This  window  is  closed  with  two  glass  plates  and  hermet- 
ically sealed  with  wax  during  the  experiments.  The  copper 
chamber  is  supported  within  a  framework  of  structural  iron,  which 
gives  it  great  rigidity. 

The  actual  metallic  connection  between  the  copper  box  and  the 
iron  frame  has,  however,  been  limited  to  a  relatively  small  number 
of  points  so  as  to  diminish  the  tendency  for  heat  to  pass  to  and  fro 
between  them  in  case  of  a  difference  in  temperature.  Surrounding 
the  iron  framework  is  a  second  wall  of  zinc.  Seventy-two  wooden 
spools,  each  carrying  four  thermo-couples,  pass  between  the  copper 
and  zinc  walls  and  are  used  after  the  method  of  Rosa  to  indicate 
differences  in  temperature  between  the  walls  of  the  inner  and  outer 
chambers.  The  passage  of  heat  through  these  walls  in  either 
direction  is  avoided  by  altering  from  time  to  time  the  temperature 
of  the  zinc,  and  with  it  that  of  the  iron  work  with  which  it  is  directly 
connected,  so  that  no  sensible  difference  in  temperature  shall  pre- 
vail between  them  and  the  copper  wall  of  the  chamber.  Under 
these  circumstances  the  gradient  is  nearly  zero  and  there  will  be 
but  little  tendency  for  heat-energy  to  pass  in  either  direction. 

For  that  reason  the  wall  is  said  to  be  adiabatic.  The  thermo- 
couple system  serves  to  indicate  to  the  operator  when  to  change 

*  AtwAter  and  Rosa:  loe,  cit,;  Atwater  and  Benedict:  loc,  ciL;  Benedict 
and  Carpenter:  Respiralion  Calorimeters  for  Studying  the  Respiratory 
Exchange  and  Energy  Transformation  of  Man,  Carnegie  Institute  of  Washing- 
ton Publication  123,  1910. 
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the  temperature  of  the  zmc  wall  and  how  nearly  alike  the  zinc  and 
copper  are  at  any  moment.  To  permit  this  control  to  be  exercised 
the  parts  just  described  are  enclosed  within  a  third  wall  composed 
of  a  sheathing  of  asbestos  and  cement,  lined  with  a  layer  of  cork 
several  centimeters  thick. 

Between  the  inner  surface  of  the  cork  and  the  zinc  wall  an  air 
space  of  about  6  centimeters  is  left.  Within  this  air  space  runs  a 
system  of  copper  tubes  through  which  cold  water  is  allowed  to 
circulate  during  the  entire  experimental  time.  This  water  is  so 
cold  that  it  can  maintain  the  zinc  wall  and  the  iron  frame  always 
cooler  than  the  lowest  temperature  which  it  is  proposed  to  allow 
the  copper  chamber  to  assume.  Parallel  to  the  copper  tubing 
runs  a  system  of  manganin  resistance  wires,  insulated  with  enamel 
and  supported  on  porcelain  knobs.  By  passing  an  electrical  cur- 
rent through  these  wires  the  effect  of  the  cold  water  in  the  tubes 
can  be  wholly  or  partially  neutralized.  The  extent  of  the  heating 
effect  can  be  accurately  controlled  by  the  operator  by  the  manip- 
ulation of  a  ballast  resistance  in  series  with  the  wire.  As  in  the 
later  apparatus  of  Benedict,  the  air  space  between  the  outer  and 
middle  walls  has  been  divided  up  into  compai'tments,  each  with 
its  own  separate  system  of  water  pipes  and  heating  wires.  The 
thermo-couple  system  can  be  made  to  indicate  the  condition  of 
the  walls  of  the  top,  sides  and  bottom,  separately,  or  of  the  entire 
wall. 

In  this  instrument  the  adiabatic  control  has  proven  adequate, 
but  the  presence  of  so  large  an  amount  of  structural  iron  between 
the  walls,  while  giving  great  rigidity,  makes  necessary  great  care 
in  manipulation  to  avoid  errors,  and  in  the  construction  of  such 
apparatus  it  would  probably  be  better  to  use  less  iron,  or  even 
preferably  none  at  all,  and  to  construct  the  framework  of  materials 
which  have  less  heat  capacity  and  less  conductivity.  The  extent 
to  which  the  adiabatic  control  is  able  to  prevent  gain  or  loss  of  heat 
in  spite  of  the  presence  of  so  much  structural  iron  in  the  frame  will 
be  made  evident  in  the  discussion  of  the  control  experiments. 

To  maintain  the  temperature  of  the  inner  chamber  at  a  constant 
level  with  a  source  of  heat  inside  it,  the  heat  must  be  removed  as 
fast  as  it  is  eliminated  by  the  source  and  no  faster.  This  is  accom- 
plished by  permitting  water  to  flow  at  a  constant  rate  through  a 
system  of  piping  within  the  copper  chamber.    The  temperature 
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of  this  water  is  so  regelated  as  to  secure  the  removal  of  heat  at 
the  rate  at  which  it  is  given  off  by  the  subject  of  the  experiment. 
The  total  amount  of  water  which  flows  during  an  experimental 
period  is  collected  and  weighed.  The  temperature  of  the  water 
is  measured  at  the  pomt  where  it  enters  the  inner  chamber  and  at 
the  point  where  it  leaves  by  means  of  two  specially  calibrated 
mercurial  thermometers  which  are  read  every  four  minutes.^ 
These  thermometers  can  be  read  to  O.Ol^C.  The  average  differ- 
ence in  temperature  multiplied  by  the  weight  in  kilograms  of  the 
water  used  during  an  experimental  period  is  a  measure  of  the  heat 
removed  in  this  manner^  in  large  calories  at  the  mean  temperature 
of  the  flowing  water. 

As  the  standard  calorie  for  work  of  this  nature,  Atwater  and 
Rosa  adopted  the  amount  of  heat  required  to  warm  one  kilogram 
of  water  from  19.5®C.  to  20.5°C.  This  amount  of  heat  is  different 
from  that  required  to  warm  a  kilogram  l^C.  at  0^  or  at  15^  on 
account  of  the  fact  that  the  specific  heat  of  water  varies  with  change 
of  temperature. 

In  the  neighborhood  of  20^  this  variation  is  slower  than  at  tem- 
peratures somewhat  higher  or  lower.  In  case  the  mean  temperature 
of  the  flowing  water  differs  much  from  20^  it  would  be  necessary 
in  accurate  work  to  make  a  correction  for  the  variation  of  the 
calorie,  but  in  all  of  our  experiments  as  well  as  in  the  controls  the 
mean  temperature  has  been  very  little  different  from  20**  and  such 
a  correction  is  superfluous. 

Despite  the  effort  to  maintain  a  perfect  balance  between  the 
rate  of  heat  elimination  and  the  rate  of  its  removal  from  the 
calorimeter,  there  will  in  general  be  slight  changes  in  temperature 
of  the  copper  wall.  To  measure  these  changes  a  system  of  elec- 
trical resistance  thermometers  enclosed  in  small  copper  boxes 
has  been  soldered  to  the  outside  of  the  copper  chamber  between  it 
and  the  zinc  wall.  These  are  six  in  number  and  being  widely 
distributed  over  the  surface  they  integrate  the  temperature  of  the 

*  The  water  thermometers  were  calibrated  by  comparison  with  standard 
Richter  thermometers.  The  standards  can  be  read  with  a  glass  to  0.001'' 
and  were  certified  by  the  Physikalische  technische  Reichsanstalt  to  be 
"ohne  wesentliche  Fehler"  in  1910. 

*  Part  of  the  heat  may  be  removed  in  the  ventilating  air  current  as  latent 
heat  of  vaporization  of  water.    See  below. 


Digitized  byVjOOQlC 


H.  B.  Williams  321 

wall.  Since,  in  raising  or  lowering  the  temperature  of  the  zinc 
wall  to  maintain  it  at  the  same  temperature  as  that  of  the  copper 
wall,  the  zinc  and  iron  frame  work  may  receive  (or  give  up)  heat 
from  either  the  copper  wall  or  the  outer  air  space,  the  hydrothermal 
equivalent  of  the  apparatus  cannot  be  determined  by  calculation, 
but  must  be  found  experimentally.  The  method  of  determining 
this  factor  has  been  described  by  Atwater  and  Benedict^  and  by 
Benedict  and  Carpenter.^ 

The  determination  of  the  amounts  of  carbon  dioxide  and  water 
vapor  eliminated  by  the  subject  and  the  quantity  of  oxygen  ab- 
sorbed is  accomplished  in  much  the  same  manner  as  in  the  larger 
instruments  by  maintaining  with  a  rotary  pump  a  continuous  flow 
of  air  into  and  out  of  the  apparatus.  As  the  air  is  removed  it 
passes  successively  through  a  sulphuric  acid  wash  bottle  to  remove 
the  moisture,  then  over  moist  granular  soda-lime  to  remove  carbon 
dioxide  and  finally  through  another  sulphuric  acid  wash  bottle 
to  remove  moisture  which  the  air  current  may  have  taken  up  from 
the  moist  soda-lime. 

The  air  thus  purified  is  returned  to  the  chamber.  It  is  evident 
that  on  account  of  absorption  of  oxygen  by  a  subject  (animal  or 
alcohol  lamp),  the  volume  of  gas  within  the  apparatus,  provided 
no  change  in  temperature  or  pressure  occurred,  would  become 
continually  less  and  that  it  would  contain  a  constantly  diminishing 
percentage  of  oxygen.  Following  the  method  employed  in  the 
calorimeters  at  Boston  we  have  provided  that  the  pressure  within 
the  apparatus  shall  always  be  the  same  as  that  of  the  external 
atmosphere,  by  connecting  the  interior  of  the  box  with  a  large 
tambour,  covered  with  a  soft  rubber  cap.  To  this  is  attached  a 
pointer  which  serves  as  a  volume  indicator  as  well  as  for  the  purpose 
of  automatically  admitting  oxygen  from  a  cylinder  by  closing  an 
electrical  contact  whenever  the  volume  of  the  rubber  bag  dimin- 
ishes below  a  predetermined  point.  By  this  means  the  apparent 
volume  of  the  apparatus  is  maintained  nearly  constant  throughout 
the  experiments.  The  current  of  air  as  it  leaves  the  apparatus  is 
made  to  pass  over  one  end  of  a  system  of  thermo-couples  and  the 
entering  air  over  the  other  end.  The  entering  air  is  then  cooled  or 
heated  as  may  be  necessary  to  keep  its  temperature  always  the 


'  hoc,  cit,  p.  152. 
» Loc,  cit.f  p.  62. 
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same  as  that  of  the  leaving  air  and  so  prevent  gain  or  loss  of  heat. 
Within  the  chamber  is  a  system  of  electrical  resistance  thermo- 
meters for  determining  the  average  temperature  of  the  air. 

From  the  above  general  description  it  can  be  seen  that  the  appara- 
tus is  very  similar  in  principle  and  construction  to  the  larger 
instruments  of  its  t3npe,  but  in  the  carrying  out  of  the  details  a 
number  of  modifications  were  found  necessary  or  desirable.  We 
may  consider  first  the  changes  which  have  been  made  in  the  part 
of  the  apparatus  which  has  to  do  with  the  gas  analysis. 

It  was  appreciated  at  the  outset  that  the  large  porcelain  absorb- 
ers used  by  Benedict  for  removal  of  water  from  the  air  current 
were  so  heavy  that  it  would  be  quite  impossible  to  weigh  them  with 
sufficient  accuracy  to  determine  the  small  quantities  of  water  it 
was  proposed  to  measure.  After  considering  various  expedients, 
the  form  of  glass  wash  bottle  shown  in  figure  1  was  designed. 
The  air  current  enters  through  a  central  tube  which  opens  below 
within  a  rosette-like  expansion.  The  lower  edge  of  this  tube  is 
about  3  mm.  from  the  bottom  of  the  rosette.  The  bottom  of 
the  rosette  is  about  4  or  5  mm.  from  the  bottom  of  the  bottle  and 
is  pierced  near  the  edge  by  a  series  of  holes  B  arranged  in  a 
circular  row.  On  the  upper  aspect  of  the  rosette  is  a  second  series 
of  holes  arranged  in  a  circular  row  marked  A  in  the  figure. 

The  air  current  on  striking  the  bottom  of  the  rosette  is  partly 
broken  up  and  deflected  upward  through  the  acid  within  the  ro- 
sette. It  escapes  through  the  series  of  holes  A  which  have  the  effect 
of  breaking  up  the  larger  bubbles  into  much  finer  ones.  No  air 
escapes  through  the  holes  B  in  the  bottom  of  the  rosette,  but  as  the 
air  current  continually  forces  acid  with  it  through  the  holes  A  a 
stream  of  acid  constantly  enters  the  rosette  through  the  holes  B. 
The  air  leaves  the  bottle  through  a  tube  at  the  top  with  a  bulbous 
expansion  containing  an  inner  bulb  marked  C,  This  inner  bulb 
is  pierced  along  its  horizontal  diameter  by  a  ring  of  holes.  The 
bulb  C  acts  as  a  baffle  to  prevent  spattering  of  the  acid  into  the 
tube  leading  from  the  bottle. 

The  seriep  of  holes  A  and  the  holes  in  C  are  of  such  a  diameter 
that  their  total  area  is  equal  to  or  slightly  in  excess  of  the  area  of 
the  section  of  the  large  inflow  and  outflow  tubes.  The  latter 
have  an  internal  diameter  of  about  15  mm. 

The  height  of  the  bottles  inside  is  about  150  nun.  and  the  diam- 
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eter  95  mm.  When  filled  for  use  they  contain  750  cc.  of  sulphuric 
acid  and  weigh  about  1500  grams.  They  can  be  weighed  to  0.01 
gram  on  the  balance  ordinarily  used  and,  if  desired,  by  using  one 
of  the  large  balances  of  Sartorius  the  weighing  error  could  be  re- 
duced still  more.  The  mixture  between  the  air  and  acid  in  these 
wash  bottles  is  extremely  intimate  and  their  ability  to  Remove 
from  the  air  current  large  quantities  of  water  rapidly  and  thoroughly 
has  more  than  fulfilled  our  expectations.  With  the  air  current 
flowing  at  the  rate  of  30  liters  per  minute  a  single  bottle  filled 


Fig.  1.    Gas  Wash  Bottle. 


with  fresh  acid  has  absorbed  as  much  as  25  grams  of  water  per  hour 
without  permitting  a  weighable  amount  to  pass  it,  as  was  shown  by 
the  failure  of  a  second  bottle  in  series  with  it  to  gain  in  weight. 
Under  ordinary  working  conditions  the  amount  of  water  seldom 
exceeds  10  grams  per  hour  and  the  acid  is  systematically  renewed 
before  it  has  become  sufficiently  spent  to  endanger  loss  of  water. 
In  addition  to  the  efficiency  tests  made  in  this  laboratory,  Dr. 
Francis  G.  Benedict  of  the  Nutrition  Laboratory  at  Boston  has 
kindly  examined  and  tested  one  of  these  bottles  and  has  been  able 
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to  confirm  their  efficiency  in  absorbing  rapidly  the  amounts  of 
water  for  which  they  were  designed.  These  bottles  are  now 
extensively  used  in  the  small  Benedict  respiration  apparatus.* 

The  size  of  the  soda-lime  cans  was  also  diminished  in  order  to 
secure  greater  accuracy  in  weighing,^®  and  for  the  oxygen  a  small 
steel  cylinder,  weighing  about  5.5  kgms.  has  been  used. 

The  oxygen  and  soda-lime  can  be  weighed  to  0.01  gram.  The 
small  oxygen  cylinder  filled  at  a  pressure  of  75  atmospheres  will 
suffice  for  six  to  eight  hours  of  experimenting  on  a  dog  weighing 
16  kilos. 

As  in  the  larger  calorimeters  the  admission  of  the  oxygen  has 
been  made  automatic  by  permitting  the  rubber  tension  equaliser 
to  operate  an  electrical  contact  which  would  actuate  an  electro- 
magnet. The  admission  has  been  made  more  sensitive  by  attach- 
ing the  contact  to  the  long  pointer  which  magnifies  the  movements 
of  the  rubber  bag  and  as  a  result  very  little  fluctuation  in  the  appar- 
ent volume  of  the  system  occurs.  Oxygen  is  admitted  directly  into 
the  entering  air  pipe,  an  arrangement  which  insures  inunediate 
diffusion  within  the  chamber.  Only  at  the  end  of  the  periods 
when  the  apparent  volume  of  the  system  is  adjusted  to  the  standard 
point,  is  oxygen  admitted  to  the  rubber  bag.  At  such  times  the 
bag  is  momentarily  shut  off  from  the  rest  of  the  system  and  the 
quantity  of  oxygen  admitted  is  never  great.  Instead  of  using 
a  Toepler  manometer  and  adjusting  the  bag  to  constant  tension, 
a  scale  at  the  end  of  a  long  pointer  attached  to  the  bag  has  been 
used  to  indicate  the  volume.  To  determine  whether  the  indica- 
tions of  this  pointer  were  reliable  the  following  experiment  was 
made. 

A  two-necked  bottle  was  connected  on  one  side  with  the  rubber  bag  and 
on  the  other  with  a  burette  containing  mercury. 

By  allowing  mercury  to  flow  from  the  burette  into  the  bottle  a  volume 
of  air  equal  to  that  of  the  mercury  will  be  forced  into  the  bag.  The  volume 
of  mercury  used  can  be  read  off  on  the  burette. 

*  Benedict  and  Homans:  Journ.  of  Med,  Research^  xxii  (new  series),  p.  423. 
These  bottles  were  blown  for  us  by  E.  Machlett  and  Sons,  East  23rd  Street, 
New  York. 

'°  Since  this  paper  was  begun  the  use  of  metal  cans  for  soda-lime  has  been 
discontinued  and  at  the  suggestion  of  Dr.  Benedict  large  glass  bottles  are 
employed  instead. 


Digitized  byVjOOQlC 


H.  B.  Williams  325 

It  was  found  that  the  amount  of  mercury  necessary  to  displace  the  volume 
of  air  required  to  move  the  pointer  from  any  particular  point  on  the  scale 
to  any  other  specified  point  was  always  the  same  within  0.5  cc.  Over  a  wide 
range  the  deflections  of  the  pointer  were  strictly  proportional  to  the  change 
in  volume. 

The  weight  of  the  pointer  is  counterbalaiiced  so  that  it  produces 
no  compression  of  the  bag.  The  error  in  adjusting  to  constant 
volume  by  this  method  is  very  much  within  the  error  of  weighing 
the  amount  of  oxygen  used.  The  pumping  action  of  the  rubber 
bag  during  the  periods  of  one  hour  between  adjustments  is  quite 
sufficient  to  insure  thorough  diffusion  of  the  oxygen  thus  admitted 
to  the  bag  throughout  the  system. 

In  the  apparatus  for  measuring  heat  several  changes  have  been 
made.  The  air  and  wall  thermometers  have  been  wound  with 
pure  nickel  wire  which  has  a  higher  rate  of  resistance  change  with 
temperature  than  copper  in  the  proportion  of  3  to  2.  The  air 
thermometers  have  been  given  a  flat  form  to  economize  space. 

These  thermometers  were  made  by  the  Leeds  and  Northrup 
Company  of  Philadelphia.  They  were  calibrated  before  instal- 
lation in  an  oil  bath  in  terms  of  the  gas  thermometer  scale  and  have 
been  given  the  same  resistance  and  the  same  coefficient  of  resist- 
ance change  per  degree  so  that  indentical  bridge  readings  on  the 
two  sets  would  mean  that  the  temperature  of  air  and  wall  were 
the  same.  This  has  been  foimd  helpful  to  the  operator  in  control- 
ling the  apparatus. 

In  calibrating  these  thermometers  the  same  copper  wire  was  used 
to  connect  them  together  which  was  subsequently  used  to  connect 
them  together  in  the  calorimeter  so  that  its  coefficient  has  been 
taken  into  consideration.  The  thermometer  leads  outside  the 
calorimeter  have  been  connected  in  such  a  manner  as  to  eliminate 
the  effect  of  change  in  the  resistance  of  the  leads  with  varying 
temperatures.  The  resistance  change  in  these  thermometers  and 
in  the  rectal  thermometer  used  in  measuring  the  change  in  tem- 
perature of  the  subject  of  experiment  is  read  on  a  Kohlrausch 
rotary  bridge.^'  The  slide  wire  of  this  bridge  has  been  especially 
adjusted  so  that  no  departures  from  uniformity  in  resistance 
exist  that  will  affect  the  bridge  readings  by  an  amount  which, 
translated  into  terms  of  temperature,  would  correspond  to  an  error 
of0.01^ 

"  F.  Kohlrausch:  Ann.  d.  Physik  (Wiedemann's  Folge),  Ivi,  p.  177,  1895. 
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For  connectiixg  the  three  thermometers  successively  to  the  bridge 
a  special  precision  rotary  switch  with  silver  contacts  has  been  used. 
The  variations  in  the  contact  resistance  of  this  switch  are  too  small 
to  affect  the  accuracy  of  the  thermometric  measurements  to  a 
significant  extent.  The  galvanometer  used  in  connection  with  this 
bridge  and  also  for  making  readings  of  the  condition  of  the  thermo- 
couple systems  is  an  instnunentof  the  D'Arsonval  type,  constructed 
by  Siemens  and  Halske.  The  resistance  of  the  moving  system  is 
50  ohms  and  a  ballast  resistance  of  150  ohms  built  into  the  instru- 
ment has  always  been  used  in  series  with  the  system  to  prevent 
excessive  damping  and  secure  rapid  readings.  A  thermo-electric 
effect  on  the  galvanometer  is  noticeable  with  change  in  room  tem- 
perature.   Readings  were  so  made  as  to  eliminate  this. 

A  ballast  resistance  of  100  ohms  has  been  introduced  into  the 
bridge  battery  circuit  to  prevent  the  possibility  of  changing  the 
resistance  of  the  thermometers  by  heating  from  the  bridge  current. 
The  galvanometer  is  amply  sensitive  to  give  deflections  for  a  lack 
of  balance  correspondingto  0.005®  C.  with  this  ballast  in  the  battery 
circuit.  No  heating  effect  in  the  thermometers  is  perceptible  on 
keeping  the  bridge  circuit  closed  as  long  as  half  a  minute  though 
this  is  never  done  in  practice.  The  key  is  always  kept  closed  suffi- 
ciently long  to  make  sure  of  the  reading  and  usually  the  final 
balance  is  made  by  rotating  the  hood  of  the  bridge  with  the  key 
held  closed.  The  smallest  graduations  on  the  hood  of  the  bridge 
correspond  very  nearly  to  0.01®  and  temperatures  could  easily  be 
read  to  0.001®,  but  such  readings  would  not  be  reliable.  All  the 
bridge  readings  are  translated  into  terms  of  temperature  by  ref- 
erence to  curves. 

To  enable  the  operator  to  control  the  temperature  of  the  water 
used  to  bring  away  heat  from  the  interior  of  the  chamber,  the  water 
is  allowed  to  flow  at  a  temperature  several  degrees  cooler  than  it 
is  estimated  will  be  necessary  and  just  before  entering  the  chamber 
it  flows  over  a  coil  of  copper  pipe  containing  an  electrical  heating 
resistance.  By  manipulation  of  a  ballast  resistance  in  series  with 
this,  the  operator  can  adjust  the  heating  effect  and  so  control  the 
rate  of  removal  of  heat  from  the  box.  As  originally  constructed, 
the  heating  resistance  was  fed  directly  with  current  from  the  light- 
ing system  of  the  building,  and  fluctuations  in  the  voltage  of  this 
current  together  with  variations  in  the  temperature  of  the  cold 
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water  as  it  flowed  to  the  heater,  caused  continual  fluctuations  in  the 
temperature  of  the  inflowing  water.  It  was  early  recognized  that 
these  fluctuations  might  lead  to  errors  in  the  measurement  of  small 
quantities  of  heat  and  an  attempt  was  made  to  minimize  the  evil 
by  diminishing  the  capacity  of  the  water  coil  within  the  calori- 
meter so  that  the  coil  would  be  emptied  two  or  three  times  during 
the  four-minute  intervals  between  the  readings  of  the  water 
thermometers.  The  coil  (fig.  2)  consists  of  two  large  inflow  and 
outflow  tubes,  A  and  B,  connected  by  a  series  of  fine  copper  tubes 
C.     In  length  and  width  it  is  nearly  equal  to  the  corresponding 


Fig.  2.    Water  Coil. 

dimensions  of  the  copper  chamber  and  is  suspended  from  the  top 
of  the  chamber.  Just  before  the  water  leaves  the  chamber  it 
passes  through  a  small  mixer  (not  shown). 

It  was  found  that  even  after  diminishing  the  capacity  of  the 
water  coil  fluctuations  in  the  temperature  of  the  entering  water 
were  not  paralleled  by  corresponding  fluctuations  in  temperature 
of  the  outflowing  water.  Control  experiments  on  the  measiu'e- 
ment  of  small  amounts  of  heat  made  at  this  time  indicated  that  the 
results  were  not  trustworthy.  The  diflSculty  was  finally  overcome 
by  feeding  the  water  to  the  heater  at  a  constant  temperature  and 
providing  for  control  of  the  fluctuations  in  the  heating  current. 
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The  first  condition  was  secured  by  allowing  the  water  to  flow 
through  about  twelve  meters  of  copper  tubing  coiled  in  a  tank  of 
water  provided  with  a  Gouy  temperature  regulator"  similar  to 
that  employed  by  Barnes"  in  his  calorimetric  work  on  the  specific 
heat  of  water.  This  device  insures  great  constancy  in  the  tempera- 
ture of  the  water  as  it  leaves  the  long  coil  of  copper  tubing,  the 
fluctuations  being  of  the  order  of  0.01  **C.  either  side  of  the  mean. 
After  leaving  the  copper  coil  of  the  Gouy  regulator  tank,  the  water 
is  brought  to  the  heater  through  a  vacuum  jacketed  glass  tube. 
For  controlling  the  fluctuations  in  the  heating  current  the  device 
represented  in  figure  3  was  used. 

It  consists  of  a  glass  bulb  with  an  inner  tube  reaching  nearly 
to  the  bottom  and  dipping  beneath  the  surface  of  a  quantity  of 
mercury  at  the  bottom.  Above  the  mercury  the  bulb  is  filled  with 
chloroform.  Surrounding  the  inner  tube  and  immersed  in  the 
chloroform,  within  the  bulb,  is  a  coil  of  manganin  resistance  wire 
the  resistance  of  which  is  about  one-tenth  that  of  the  main  heating 
resistance.  The  ends  of  this  coil  are  fused  to  platinum  wires 
which  lead  out  through  horns  of  lead  glass  at  the  top. 

The  stopcock  at  the  bottom  is  for  convenience  in  filling  and  has 
no  other  fimction.  At  the  top  the  inner  tube  emerges  and  termi- 
nates in  a  three-way  stopcock  above  which  is  a  capillary  continua- 
tion of  the  inner  tube.  Just  below  the  stopcock  a  fine  platinum 
wire  is  fused  into  the  side  of  the  tube.  The  heating  resistance  and 
the  entire  bulb  of  the  regulator  are  enclosed  in  a  brass  container 
through  which  the  calorimeter  water  flows. 

The  upper  end  of  this  brass  box  is  closed  with  a  stopper  through 
which  the  stem  of  the  apparatus  passes.  Two  short  pieces  erf 
rubber  tubing  are  tied  over  the  glass  horns  through  which  the  wires 
from  within  the  bulb  emerge.  The  upper  ends  of  these  pieces 
of  rubber  tubing  are  slipped  tightly  over  the  ends  of  two  pieces 
of  glass  tubing  which  pass  through  the  stopper  of  the  brass  outer 
case.  In  this  manner  the  wires  can  be  led  out  securely  insulated 
from  the  water.    The  coil  within  the  bulb  is  connected  in  series 

"Gouy:  Joum.  d.  physique,  vi,  p.  479,  1897. 

"  Barnes:  On  the  Capacity  for  Heat  of  Water  between  the  Freeaing  and 
Boiling  Points  together  with  a  Determination  of  the  Mechanical  Equivalent 
of  Heat  in  Terms  of  the  International  Electrical  Units,  Phil,  Trans.  Roy. 
80c. t  London,  Series  A.,  clcix,  pp.  149-263,  1902. 
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with  the  main  heating  resistance  as  shown  in  the  figure.  By 
turning  the  three-way  stopcock,  'the  mercury  in  the  bulb  can  be 
connected  with  the  capillary  tube  at  the  top  or  with  a  small 
reservoir  of  mercury  at  the  side.  When  the  current  is  first  tmmed 
on  the  heater,  the  cock  is  always  placed  so  as  to  connect  the  mer- 
cury in  the  bulb  with  the  reservoir.    After  the  temperatiu'e  of  the 
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Fig.  3.    Water  Heating  Resistance  and  Current  Regulator. 

ingoing  water  has  reached  approximately  the  correct  level,  the  cock 
is  turned  so  as  to  put  the  capillary  tube  in  connection  with  the 
mercury  in  the  bulb.  A  little  more  current  is  then  turned  on  the 
heater  and  the  immediate  effect  is  to  cause  an  expansion  of  the 
chloroform  by  reason  of  the  sudden  increase  in  the  heat  developed 
in  the  manganin  wire  withha  the  bulb.  The  expansion  of  the 
chloroform  (Jrives  mercury  up  in  the  capillary  tube  and  closes 
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the  relay  circuit.  The  operation  of  the  relay  opens  a  short  circuit 
around  which  the  main  heating  current  has  been  flowmg  and  forces 
the  current  to  pass  through  a  resistance  marked  ''  regulating  resist- 
ance" in  the  figure.  This  causes  a  diminution  in  the  strength  of 
current,  the  volume  of  the  chloroform  shrinks,  the  relay  circuit 
is  broken  and  then  the  cycle  is  repeated. '  The  low  specific  heat 
and  high  coefficient  of  cubical  expansion  of  chloroform  result  in 
very  rapid  changes  in  its  volume  with  change  in  the  amount  of 
heat  developed  in  the  wire  within  the  bulb,  and  as  long  as  the 
line  voltage  remains  constant  these  changes  succeed  each  other 
with  great  regularity  and  the  mean  heating  effect  of  the  current 
flowing  through  regulator  and  heater  is  constant. 

A  fall  in  line  voltage  results  in  a  lessening  of  the  mean  volume 
of  the  chloroform  which  causes  the  time  of  closure  of  the  short 
circuit  to  become  greater  and  thus  compensates  for  the  fall  in 
voltage  by  lengthening  the  time  during  which  the  resistance  of 
the  circuit  is  a  minimum.  A  rise  in  voltage  results  in  increase  of 
the  mean  volume  of  the  chloroform  with  the  attendant  effect  of 
keeping  the  regulating  resistance  in  series  with  the  heater  for  a 
greater  length  of  time  and  thus  compensating  for  the  increase  in 
current  which  a  rise  in  line  voltage  would  otherwise  produce. 

The  chloroform  responds  so  quickly  to  changes  in  the  heating 
effect  of  the  current  that  regulation  takes  place  before  any  change  in 
the  temperature  of  the  flowing  water  becomes  appreciable.  As 
in  the  Gouy  regulator,  the  platinum  contact  wire  at  the  top  of 
the  capillary  tube  is  kept  agitated  mechanically  to  prevent  "stick- 
ing" of  the  mercury. 

The  original  regulator  is  still  in  use  and  has  caused  no  trouble 
over  a  period  of  two  academic  years.  At  its  first  trial  it  main- 
tained the  temperature  of  the  water  constant  within  0.06°  over  a 
period  of  five  hours.  Three-fifths  of  this  chaixge  was  traced  to 
displacement  of  the  upper  contact  and  over  the  last  four  hours  of 
the  experiment  the  change  was  only  0.02^.  During  the  course  of 
actual  experimental  work  changes  of  more  than  0.01^-0.02°  prac- 
tically never  occur  except  when  it  becomes  necessary  to  change 
the  temperature  voluntarily. 

When  this  occurs  the  change  is  miade  at  the  time  of  reading  the 
thermometers  so  that  an  interval  of  four  minutes  elapses  during 
which  conditions  may  become  steady.     Small  cha&ges  in  tem- 
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perature  can  be  brought  about  by  turning  the  three-way  stopcock 
so  as  to  add  or  remove  small  amounts  of  mercury  from  the 
capillary  tube. 

For  greater  changes  the  bulb  is  connected  to  the  reservoir  and 
the  ballast  resistance  used  as  at  the  beginning  of  an  experiment. 

Immediately  after  making  the  alterations  described  above,  the 
control  experiments  on  the  measurement  of  small  quantities  of 
heat  became  satisfactory. 

On  account  of  the  slow  rate  of  flow  and  the  small  diameter  of 
the  tubes  through  which  the  calorimeter  water  passes,  it  was 
decided  not  to  use  the  city  service  water  which  always  deposits 
a  great  deal  of  sediment,  but  to  use  distilled  water.  The  supply 
is  kept  in  a  large  storage  tank.  A,  figure  4,  and  is  raised  by  a  small 
bronze  geared  pump  to  the  timk,  B,  figure  5.  Tank  B  is  provided 
with  an  overflow  pipe  and  the  water  is  pumped  up  rather  faster 
than  it  is  needed  so  that  a  little  always  comes  back  through  the 
overflow  pipe  and  the  head  of  the  water  remains  constant. 

From  B  separate  pipes  bring  down  the  water  for  cooling  the 
interior  and  for  cooling  the  air  space  between  the  outer  and  middle 
walls.  The  water  for  cooling  the  interior  passes  down  from  B 
through  a  long  coil  of  copper  tubing  in  the  tank  C,  figure  4.  This 
tank  is  heavily  lagged  with  cork  and  is  filled  with  broken  ice. 
Leaving  tank  C  at  a  very  low  temperature,  the  water  passes 
through  the  coil  of  copper  tubing  in  the  Gouy  regulator  tank, 
Dj  figure  5.  Leaving  this  tank  at  constant  temperature,  usually 
about  16®C.,  it  flows  through  the  vacuum  jacketed  tube  F,  figure 
5,  to  the  apparatus  12,  shown  in  the  same  figure.  R  contains  the 
heating  coil  and  the  device  shown  schematically  in  figure  3  for 
controlling  the  heating  current.  From  R  the  water  enters  the 
calorimeter.  The  entrance  and  exit  of  the  water  is  through  vacuum 
jacketed  glass  tubes  in  which  are  placed  the  bent  mercurial  ther- 
mometers for  determining  the  temperature  of  the  ingoing  and  out- 
coming  water.  The  vacuimi  jackets  have  been  thoroughly  ex- 
hausted with  a  Gaede  mercury  pump,  the  tubes  being  heated  to  a 
high  temperature  during  exhaustion  to  drive  off  occluded  gases 
from  the  walls.  The  vacuum  is  of  the  order  of  that  in  a  kathode 
tube  and  the  very  perfect  heat  insulation  afforded  effectively  pro- 
tects the  thermometers  and  water  current  against  the  influence 
of  the  higher  temperature  of  the  walls  and  air  spaces  through  which 
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tbey  pass.  After  passing  out  of  the  calorimeter  the  water  flows 
over  and  is  collected  in  the  can  E,  shown  in  figured  suspended  from 
the  balance.  At  the  end  of  an  experimental  period,  while  the  wat^ 
in  this  can  is  being  weighed,  the  water  flowing  from  the  calorimeter 
is  allowed  to  collect  in  the  copper  pitcher  shown  at  P,  figure  4. 

When  the  weighing  is  completed  the  contents  of  the  pitcher  are 
i  emptied  into  E  after  deflecting  the  water  current  to  this  can  once 
more.  The  jointed  pipe  which  permits  the  deflection  of  the  water 
current  can  be  seen  just  above  P  in  the  figure.  It  is  shown  feed- 
ing into  a  waste  pipe  which  leads  back  to  the  storage  tank  A. 
During  the  preliminary  periods  when  heat  is  not  being  measured 
the  water  is  allowed  to  take  this  path.  At  the  bottom  of  E  can 
be  seen  a  cock  through  which  the  can  may  be  emptied  if  in  the 
course  of  a  long  experiment  it  becomes  too  full. 

The  water  for  cooling  the  air  space  between  the  outer  and  middle 
walls  is  refrigerated  in  a  tank  similar  to  C  which  is  not  shown  in 
figure  4  as  it  is  concealed  behind  the  calorimeter.  The  return 
flow  from  this  system  is  allowed  to  run  directly  back  into  A. 
Below  C  can  be  seen  a  waste  pipe  for  draining  off  the  water  from 
melting  ice.  In  figure  4,  the  oxygen  cylinder  0  is  shown  at  the 
side  of  the  calorimeter  and  on  top  of  the  calorimeter  the  magnet 
M,  which  opens  and  closes  the  oxygen  inflow  tube.  At  the  left 
of  the  magnet  is  the  large  tambour  or  tension  equalizer  with  pointer 
and  scale. 

At  the  left  of  figiu'e  5  is  shown  the  table  on  which  is  assembled 
the  physical  apparatus  for  determining  the  temperature  of  the  air 
and  walls  and  that  of  the  subject  of  the  experiment,  also  the 
various  devices  for  maintaining  the  adiabatic  control. 

In  the  center  of  the  table  at  Br  is  the  Kohlrausch  rotary  bridge. 
At  the  left  of  this  is  the  thermometer  switch,  marked  T.  S.  A 
tapping  key  between  the  thermometer  switch  and  the  bridge  is 
used  to  close  the  bridge  and  battery  circuits.  Behind  the  tapping 
key  is  a  switch  for  connecting  the  galvanometer  either  with  the 
bridge  or  with  the  thermo-couple  system.  This  switch  is  provided 
with  a  pair  of  contacts  for  short  circuiting  the  galvanometer.  At 
the  right  of  the  bridge  is  a  second  tapping  key  in  the  thermo- 
couple circuit  and  at  the  extreme  right  a  rotary  switch  by  means  of 
which  the  various  groups  of  thermo-couples  can  be  connected  with 
the  galvanometer. 
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PlatbII. 


Fig.  4.    View  of  Calorimeter  Showing  Part  of  Water  System. 
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Plate  III. 


Fig.  5.    View  op  Table  por  Physical  Measurements  and  Control. 
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Plate  IV. 


Fig.  6.    Absorber  Table  and  Apparatus  for  Analysis  of  Residual  Air. 
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The  galvanometer  stands  on  a  shelf  under  the  box  marked  G. 
It  is  read  with  a  telescope  and  scale  shown  in  the  figure  with  a  lamp 
which  serves  to  illuminate  the  scale.  The  ballast  resistances 
for  controlling  the  current  in  the  heating  wires  in  the  outer  air 
space  are  mounted  on  the  back  of  the  large  slate  switchboard 
shown  behind  the  table.  They  are  manipulated  by  the  hand- 
wheels  at  the  back  of  the  table.  The  rheostat  for  controlling  the 
current  in  the  water  heating  resistance  is  also  mounted  behmd  this 
board  and  is  operated  by  the  handwheel  at  the  extreme  right.  This 
rheostat  has  sixty  steps.  The  mounting  of  the  resistances  on  a 
switchboard  in  this  manner  was  adopted  primarily  because  it  was 
necessary  to  construct  the  apparatus  is  such  a  manner  that  it 
would  conform  to  the  requirements  of  the  board  of  fire  under- 
writers. The  plan  has  several  distinct  advantages.  The  heat 
from  these  resistances,  which  is  considerable,  is  kept  away  from  the 
apparatus  on  the  table,  and  since  the  handles  of  the  rheostats 
are  thoroughly  insulated,  no  part  of  the  circuit  carrying  high 
potential  current  for  heating  is  connected  in  any  way  with  the  table. 
When  it  is  remembered  that  the  apparatus  on  the  table  is  used  in 
connection  with  a  delicate  galvanometer  the  last  consideration  will 
be  seen  to  be  important.  At  the  right  of  the  table  the  mercurial 
thermometers  are  shown  at  T,  figure  5,  and  below  and  behind  them 
is  a  small  board  of  hard  rubber  on  which  terminate  the  wires 
leading  from  the  thermometer  and  thermo-couple  systems. 

Below  R  is  seen  a  small  switchboard  of  slate  on  which  terminate 
the  ends  of  the  110  volt  heating  circuits.  Throughout  the  con- 
struction no  pains  were  spared  to  secure  thorough  insulation  and 
substantial  fastening  of  the  wiring  and  no  trouble  has  been  experi- 
enced from  this  source  in  two  years  of  experimental  work.  At 
the  right  of  the  galvanometer  on  the  large  switchboard  the  relays 
for  the  Gouy  regulator  and  for  the  regulator  in  R  are  shown  rather 
indistinctly. 

In  figure  6  the  absorber  table  is  shown.  The  arrangement  of 
motor,  pump,  sulphuric  acid  wash  bottles  and  soda-lime  cans, 
S.  L./is  clearly  shown.  Above  can  be  seen  the  rubber  tubes 
which  lead  the  air  from  the  calorimeter  to  the  absorber  table 
and  carry  the  purified  air  back  to  the  chamber.  On  the  top  of  the 
table  are  the  gas  meter  and  U-tubes  for  determination  of  the  com- 
position of  the  residual  air  at  the  ends  of  the  experimental  periods. 
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Fluctuations  in  barometric  pressure  are  measured  on  a  standard 
barometer  of  the  Fortin  type  which  is  not  shown  in  any  of  the 
figures. 

CONTROL  EXPERIMENTS. 

Control  experiments  of  four  types  have  been  carried  out  to  deter- 
mine the  magnitude  of  the  errors  which  may  be  expected  to  occur 
in  the  work.  These  experiments  may  be  designated:  Radiation 
and  conduction  tests;  Electric  controls;  Alcohol  controls;  Oxy- 
gen blanks. 

Radiation  and  candiuiian  tests. 

The  radiation  and  conduction  test  is  made  for  the  purpose 
of  determining  how  far  the  adiabatic  wall  prevents  gain  or  loss 
of  heat,  in  other  words,  whether  under  experimental  conditions 
the  walls  are  really  adiabatic.  In  making  this  test  no  source  of 
heat  is  put  into  the  box  and  no  cooling  water  flows  through  the 
interior  system  of  piping.  The  box  is  closed  up  and  the  tempera- 
ture of  the  zinc  wall  adjusted  to  be  the  same  as  that  of  the  copper 
wall  and  so  maintained.  The  air  and  wall  thermometers  are  then 
read  at  frequent  intervals. 

The  conditions  and  result  of  one  such  experiment  were  as  follows. 

Experiment  began  at  9.00  a.  m.  At  the  start  the  temperature  of  the 
laboratory  air  was  21**.  The  temperature  of  the  wall  of  the  copper  chamber 
was  23.20**  and  that  of  the  air  within  the  chamber  was  23.50**.  At  11.20  a.m. 
the  temperature  of  the  wall  had  fallen  to  23.19**  and  that  of  the  air  inside  to 
23.495**.  The  hydrothermal  equivalent  of  this  calorimeter  is  10.75,  or, 
otherwise  stated,  a  change  of  1**C.  in  the  temperature  of  the  copper  wall 
under  experimental  conditions,  means  the  absorption  or  setting  free  of  10.75 
calories.  A  fall  in  temperature  of  the  copper  wall  of  0.01**,  the  result  of  loss 
of  heat  from  the  calorimeter  to  the  outside,  would  result  in  an  error  of  0.1 
calorie.  Such  a  loss  occurred  in  this  experiment  in  the  course  of  two  hours 
and  twenty  minutes,  or  a  period  equal  to  two  and  one-third  times  the  length 
of  the  usual  experimental  period.  This  loss,  however,  occurred  under 
conditions  far  more  severe  than  those  of  actual  experiment  as  the  air  of  the 
laboratory  was  purposely  kept  over  three  degrees  cooler  than  that  within 
the  chamber.  In  actual  experimentation  the  air  of  the  laboratory  is  always 
kept  as  nearly  as  possible  at  the  same  temperature  as  that  within  the  box 
and  seldom  differs  from  it  by  more  than  0.5-1**.  With  this  flatter  gradient 
the  loss  would  undoubtedly  be  very  much  less. 
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It  appears  then  that  with  steady  conditions  the  walls  may  be 
considered  adiabatic  without  liability  of  incurring  errors  as  great 
as  0.05  calorie  per  hour.  Few  of  the  experiments  have  lasted 
longer  than  three  or  four  hours  so  that  the  chance  for  accumulation 
of  the  radiation  and  conduction  error  does  not  enter  into  the  con- 
sideration. With  experiments  of  long  duration  it  might  be  worth 
while  to  attempt  a  careful  determination  of  the  radiation-conduc- 
tion constant  under  experimental  conditions  and  correct  for  it. 

Electric  control  experiments. 

The  most  precise  and  convenient  method  for  controlling  the 
accuracy  of  a  heat-measuring  apparatus  is  that  of  dissipating 
within  the  apparatus  in  the  form  of  heat  a  carefully  measured 
amount  of  electrical  energy,  measiuing  this  heat  with  the  apparatus 
and  determining  how  closely  the  measured  heat  agrees  with  the 
amount  which  the  electrical  measurements  show  to  have  been 
dissipated  during  the  time  of  experiment. 

To  secure  imiformity  in  the  electrical  current  and  therefore  in 
the  amoimt  of  heat  dissipated,  an  accumulator  battery  has  been 
used  as  the  source  of  current.  This  battery  is  of  sufficiently  large 
capacity  (about  45  ampere-hours)  to  deliver  the  required  amount 
of  energy  over  periods  of  four  or  five  hours  without  much  diminu- 
tion in  voltage.  The  gradual  fall  in  voltage  can  be  easily  and 
exactly  compensated  by  manipulation  of  a  ballast  resistance. 
The  scheme  of  the  connections  is  shown  in  figure  7. 

All  of  the  resistances  employed  are  made  of  material  whose  resist- 
ance changes  but  little  with  temperature.  The  current  passes 
from  the  battery  through  a  ballast  resistance,  then  through  the 
heating  coil  and  back  through  a  standard  resistance.  A  precision 
millivoltmeter  measures  the  fall  of  potential  across  the  terminals 
of  the  standard  resistance  and  serves  to  determine  the  current. 
From  the  terminals  of  the  heating  coil  within  the  chamber  a  pair 
of  wires  nms  out  to  a  voltmeter.  A  key  is  provided  in  this  circuit 
so  that  the  voltmeter  may  be  connected  momentarily  and  measure 
the  fall  of  potential  across  the  terminals  of  the  heating  coil.  The 
reading  of  the  millivoltmeter  is  maintained  constant  by  manip- 
ulation of  the  ballast  resistance  an^  ♦he  voltmeter  is  read  several 
times  during  each  period  of  the  experiment.    The  voltmeter  has 
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a  range  of  15  volts  and  is  graduated  in  tenths  of  a  volt.  One 
hundredth  of  a  volt  can  be  easily  estimated.  "With  a  fall  of 
potential  of  the  order  of  5  or  6  volts  the  reading  can  be  made  to 
about  one  part  in  five  hundred.  The  current  can  be  measured 
with  the  millivoltmeter  to  about  the  same  order  of  accuracy  in 
so  far  as  concerns  the  reading  error. 

These  instriunents  were  specially  calibrated  for  us  by  the  makers, 
the  Weston  Electrical  Instnunent  Company.  The  accuracy  of  this 
type  of  instrument  and  the  permanency  of  the  calibration  with 
careful  use  is  so  well  known  as  to  require  no  further  comment. 

STANDARD  RCSI STANCE 
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Fio.  7.    Scheme  of  Connections  for  Electric  Control. 

Greater  accuracy  in  the  readings  could  doubtless  have  been  attained 
by  the  use  of  a  standard  cell  and  potentiometer  with  a  delicate 
galvanometer  as  indicator,  but  the  errors  introduced  by  the  use 
of  the  direct-reading  instruments  are  so  small  in  comparison  with 
other  experimental  errors  that  it  has  not  been  deemed  worth  while 
to  further  complicate  the  procedure. 

The  heat  dissipated  is  given  by  multiplying  together  the  num- 
bers expressing  the  fall  of  potential  across  the  terminals  of  the 
heating  coil  (in  international  volts),  the  current  in  amperes  and 
the  time  in  seconds  and  dividing  by  the  number  expressing  the 
mechanical  equivalent  of  heat  at  the  temperature  of  the  flowing 
water. 
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In  our  animal  experimentation  with  the  calorimeter  up  to  the 
present  time  the  mean  temperature  of  the  cooling  water  has  been 
uniformly  in  the  neighborhood  of  20^  and  it  has  been  kept  in  this 
region  during  the  electric  and  alcohol  controls.  The  value  of 
the  thermal  capacity  of  water  in  joules  per  calorie  for  a  large  num- 
ber of  temperatures  ranging  from  freezing  to  boiling  has  been  deter- 
mined by  Barnes^*  in  a  series  of  extremely  careful  and  painstaking 
experiments.  The  results  of  his  experiments  in  the  neighborhood 
of  20^  agree  very  well  with  the  corrected  value  obtained  for  this 
temperature  by  Rowlands  using  another  method. 

The  difference  is  not  sufficiently  great  to  affect  our  results  much 
whichever  value  is  taken,  but  as  Barnes'  results  were  obtained  by 
an  electrical  method  and  refer  to  the  same  electrical  units  as  ours, 
it  has  been  thought  best  to  adopt  his  figure.  This  figure  for  20^ 
is  4.1873.  To  facilitate  calculation  instead  of  dividing  the  number 
of  watt-seconds  by  this  number  we  may  multiply  by  its  reciprocal, 
0.2393. 

The  results  of  an  electrical  control  experiment  performed  May 
6,  1911  are  given  below. 

The  strength  of  current,  I,  was  2.1  amperes.  The  fall  of  potential  across 
the  terminals  of  the  heating  coil  was  5.79  volts  and  the  time  for  each  period 
was  3600  seconds. 

The  heat  is  given  by  the  product  E.  I.  t  X  0.2393  «  10,470.  This  is  ex- 
pressed in  small  calories  and  is  equal  to  10.47  large  calories. 

The  following  is  a  tabulation  of  the  results  of  this  experiment. 


HOX7R 

CALOBISB  CALCULAVBO 

OALORXn  fOUlTD 

ERBOR 

1 

2 
3 

10.47 
10.47 
10.47 

10.64 
10.65 
10.64 

0.17 
0.08 
0.17 

The  uniformity  of  the  conditions  during  this  experiment  can  best 
be  appreciated  by  an  inspection  of  the  readings  of  the  water  ther- 
mometers. The  temperature  of  the  inflowing  water  at  the  begin- 
ning of  the  third  period  was  20.56^C.  There  were  fifteen  readings 
during  the  period  and  for  the  first  six  successive  readings,  covering 
a  period  of  twenty-four  minutes,  the  temperature  of  the  inflowing 
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water  was  as  given  above.  For  the  next  six  readings,  another  period 
of  twenty-four  minutes,  the  temperature  was  20.55®.  Then  follow 
at  four-minute  intervals  two  readings  of  20.54®  and  after  the 
final  four  minutes  the  last  reading  is  20.55®.  Whether  these  small 
variations  are  due  to  faulty  functioning  of  the  regulator  JB,  we 
have  never  taken  the  trouble  to  ascertain.  Slow  changes  of  the 
order  of  0.01®  do  not  affect  the  accuracy  of  the  results  in  measur- 
able amount.  It  seems  probable  that  the  regulation  could  be 
made  even  closer  if  one  felt  the  necessity  of  doing  so.  The  tem- 
perature differences  between  the  in  and  outflowing  water  during 
the  same  period  are  instructive  as  showing  the  uniformity  of  the 
dissipation  and  removal  of  heat.  The  first  three  differences  were 
1.02®  and  the  remaining  twelve  1.01®.  One  might  be  led  to  think 
that  the  first  three  differences  were  too  high  by  0.01®,  but  reference 
to  the  preceding  period  affords  an  explanation  of  this  result. 

During  the  second  hour  the  temperature  of  the  calorimeter 
fell  slightly,  but  continuously,  and  this  change  was  nearly  at  an 
end  at  the  beginning  of  the  third  hour.  The  heat  given  up  by  the 
wall  of  the  apparatus  is  responsible  for  the  greater  value  of  the 
first  three  temperature  differences  in  the  third  period. 

Alcohol  control  experiments. 

By  the  combustion  within  the  chamber  of  a  known  quantity  of 
alcohol,  one  is  able  to  control  the  determination  of  water,  carbon 
dioxide  and  oxygen  as  well  as  that  of  heat.  In  planning  experi- 
ments to  ascertain  the  magnitude  of  the  errors  which  are  liable 
to  occur  in  using  the  apparatus  with  animals,  it  is  of  importance 
to  provide  that  the  amounts  of  alcohol  consumed  per  hour  shall  be 
such  as  to  dissipate  about  the  same  amount  of  heat  as  the  animal 
may  be  expected  to  eliminate  in  the  same  time.  With  a  given 
apparatus  the  experimental  errors  will  be,  assuming  a  uniform 
technique,  about  constant  in  absolute  amount,  so  that  the  per- 
centage error  will  diminish  as  the  total  quantity  measured  increases. 
In  planning  the  calorimeter,  one  of  the  problems  in  view  was  the 
determination  of  the  metabolism  of  very  young  infants,  whose 
heat  production  might  be  expected  to  range  between  10  and  2Q 
calories  per  hour.  It  was  determined  on  this  account  to  attempt 
to  bum  alcohol  in  corresponding  amounts  in  the  control  experi- 
ments. 
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In  order  to  secure  results  of  value  in  control  experiments  of  this 
character  it  is  important  to  secure  complete  combustion  of  the 
alcohol  and  so  to  regulate  the  supply  that  the  combustion  pro- 
ceeds with  the  greatest  possible  uniformity. 

The  method  used  was  in  general  similar  to  that  in  use  at  the 
nutrition  laboratory  at  Boston  and  is  a  modification  of  a  method 
described  by  Atwater  and  Benedict.^  The  alcohol  lamp  within 
the  calorimeter  was  fed  continuously  with  alcohol,  from  without, 
through  a  fine  tube.  This  tube  ended  outside  in  a  narrow  burette 
graduated  in  0.01  cc.  Into  this  burette  alcohol  was  allowed  to 
drop  from  a  supply  bottle  at  a  rate  just  equal  to  that  of  combus- 
tion. That  the  rate  of  dropping  was  correct  was  indicated  by.  the 
level  of  the  alcohol  in  the  burette  which  remained  constant.  At 
the  beginning  of  an  experiment  the  lamp  was  lighted  and  the  appa- 
ratus sealed.  After  a  preliminary  period  of  half  an  hour  or  more, 
during  which  the  calorimeter  was  brought  into  equilibrium,  the 
burette  was  read  and  the  supply  bottle  changed  for  another  which 
had  been  weighed.  By  means  of  a  small  stopcock  on  the  tube 
leading  from  the  supply  bottle,  the  rate  of  flow  could  be  quickly 
adjusted  so  as  to  permit  of  maintaining  the  level  of  alcohol  in 
the  burette  constant  to  within  0.01-0.02  cc.  At  the  end  of  a 
period  the  burette  was  watched  and  the  level  kept  as  nearly  as 
possible  the  same  as  at  the  beginning.  Any  variation  could  be 
noted  and  correction  made.  At  first  the  attempt  was  made  to 
make  use  of  supply  bottles  on  the  Marriotte  principle  to  secure  a 
uniform  head  of  liquid,  but  this  was  abandoned,  as  with  the  very 
slow  rate  of  flow  slight  changes  in  room  temperature  made  more 
change  in  the  rate  of  flow  than  the  changing  head.  It  proved 
more  satisfactory  to  use  bottles  with  a  simple  siphon  and  regulate 
the  flow  by  hand  with  the  stopcock  as  might  be  necessary. 

In  this  manner  it  was  possible  to  secure  very  imiform  burning 
of  the  alcohol.  To  prevent  incomplete  combustion  of  the  alcohol 
it  was  found  necessary  to  use  a  lamp  so  constructed  that  the  region 
of  the  edge  of  the  wick  should  always  be  sufficiently  hot  to  insure 
immediate  ignition.  In  the  first  experiments  where  larger  amounts 
of  alcohol  (corresponding  to  about  35  calories)  were  burned,  a 
lamp  similar  in  construction  to  an  Argand  burner,  with  provision 

"  hoc.  cit. 
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for  access  of  air  to  the  interior  of  the  flame,  was  used  with  success. 
With  the  smaller  amounts  of  alcohol  the  flame  was  so  small  that 
the  metal  edge  of  the  lamp  was  cooled  by  conduction  of  heat 
away  from  it  to  the  base  and  combustion  was  imperfect. 

This  became  manifest  by  the  lack  of  correspondence  between 
results  found  and  calculated  and  by  a  strong  peculiar  odor  per- 
ceptible Immediately  after  opening  the  chamber,  presumably  due 
to  the  presence  of  aldehyde  and  perhaps  other  products  of  incom- 
plete combustion.  By  using  a  short  piece  of  hard  glass  tubing  for 
the  top  of  the  burner  and  a  wick  of  glass  wool,  this  difficulty  was 
entirely  overcome. 

The  alcohol  used  had  a  strength  of  92.65  per  cent  as  calculated 
from  a  determination  of  the  specific  gravity.  The  specific  gravity 
was  determined  by  weighing  in  a  Squibb  pyknometer  equal  vol- 
umes of  boiled  distilled  water  and  of  the  alcohol  in  question,  the 
measurement  of  the  specimens  in  the  pyknometer  being  carried 
out  at  the  same  temperature.  The  percentage  was  then  deter- 
mined by  interpolation  from  the  Squibb  alcoholimetric  tables. 

For  a  discussion  of  the  accuracy  of  this  method  reference  may 
be  made  to  the  paper  of  Atwater  and  Rosa^*  previously  cited. 

The  theoretical  amount  of  oxygen  required  to  bmn  agiven  weight 
of  alcohol  and  the  corresponding  amounts  of  water  and  carbon 
dioxide  which  wotild  residt  from  its  combustion,  can  be  readily 
calculated  from  the  chemical  equation  expressingthe  reaction  which 
occurs  when  alcohol  bums.  In  the  case  of  the  water  one  must 
make  a  correction  for  the  amount  of  water  of  dilution  present 
in  92.65  per  cent  alcohol.  The  heat  of  combustion  of  alcohol  has 
been  the  subject  of  a  large  number  of  calorimetric  investigations. 
As  a  result  of  twenty-five  observations  with  the  bomb  calorimeter, 
Atwater  and  Rosa^^  found  the  heat  of  combustion  of  pure  ethyl 
hydrate  to  be  7.067  large  calories  per  gram.  This  figure  has  been 
adopted  as  the  basis  of  the  heat  calculation  in  the  present  experi- 
ments. Below  are  presented  the  results  of  two  alcohol  control 
experiments.  The  first  is  a  period  of  one  hour  during  which 
1.74  grams  of  alcohol  were  bmned  in  the  calorimeter,  the  smallest 
quantity  we  have  attempted  to  bum  up  to  the  time  of  writing. 


"  hoc.  cil. 
"  Loc.  ciL 
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The  second  experiment  performed  two  days  later  covers  three 
periods  of  one  hour  each. 

Alcohol  control,  May  IS,  1911, 


ALCOHOL 

CABBOW 
DIOXIDB 

OXTOBN 

WATSB 

HBAT 

Found 

Calc. 

Found 

Calc. 

Found 

Calo. 

Found 

Calc. 

tram$ 
1.74 

gnm» 
3.10 

3.09 

grama 
3.37 

grama 
3.37 

grama 
2.35 

grama 
2.02 

ealariaa 
11.70 

ealariea 
11.42 
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2.605 
2.420 
2.390 

4.70 
4.40 
4.28 

4.62 
4.30 
4.24 

5.12 
4.70 
4.73 

5.04 
4.68 
4.62 

3.47 
3.11 
3.06 

3.02 
2.81 
2.77 

16.80 
15.56 
15.29 

17.09 
15.88 
15.65 

13.38 

13.16 

14.55 

14.34 

9.64 

8.60 

47.65 

48.62 

Inspection  of  this  table  shows  that  the  results  found  agree  fairly 
well  with  those  calculated  except  in  the  case  of  water  vaporized. 

The  water  found  is  seen  to  exceed  that  calculated  by  from  10 
to  16  per  cent.  In  the  second  experiment  it  may  be  further  noticed 
that  the  percentage  discrepancy  steadily  decreased  throughout 
the  experiment,  being  14.9  per  cent  in  the  first  hour  and  10.4 
per  cent  in  the  third.  The  explanation  of  this  discrepancy  is 
doubtless  to  be  sought  in  the  fact  that  the  walls  of  the  copper 
chamber  are  able  to  occlude  on  their  surfaces  considerable  quan- 
tities of  moisture  and  in  addition,  the  material  of  which  the  air 
thermometers  are  constructed  and  the  insulation  of  the  wiring 
within  the  chamber  are  to  some  extent  hygroscopic.  The  labora- 
tory is  situated  within  a  short  distance  of  a  large  body  of  salt 
water,  the  East  River,  and  the  air,  never  very  dry,  is  sometimes 
nearly  saturated  with  water  vapor.  This  air  has  free  access  to  the 
interior  of  the  apparatus  except  when  it  is  sealed  up  for  experimen- 
tation. During  the  course  of  an  experiment  in  which  the  amount 
of  water  given  off  within  the  calorimeter  is  small,  the  absorbing 
apparatus  is  capable  of  bringing  about  a  continuous  reduction  of 
the  vapor  tension  within  the  chamber.  The  greater  part  of  the 
moisture  present  in  the  air  of  the  chamber  before  beginning  an 
experiment  will  be  removed  during  the  preliminary  period,  but  as 
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the  tension  of  water  vapor  in  the  air  becomes  less  the  moisture 
which  has  been  occlude  on  the  walls  seems  to  be  given  off 
gradually.  Doubtless,  in  an  experiment  of  long  duration,  the 
water  measured  during  the  later  hours  would  gradually  approxi- 
mate the  amoimt  generated  by  combustion  in  the  same  time. 
Similar  results  as  regards  the  water  determination  have  been  noted 
by  Benedict  and  Carpenter.^*  With  an  apparatus  in  which  the 
amount  of  oxygen  consimGied  can  be  directly  measured,  the  amount 
of  water  given  off  by  the  subject  becomes  a  matter  of  less  impor- 
tance than  was  the  case  in  the  older  forms  of  respiration  apparatus. 
The  water  excretion  has  not  been  a  factor  of  importance  in  any 
of  the  physiological  work  for  which  the  calorimeter  has  been  used 
up  to  the  present  time.  It  is,  however,  a  matter  of  great  impor- 
tance to  know  just  how  much  water  has  evaporated  and  left  the 
chamber  during  an  experimental  period.  Heat  is  absorbed  in 
the  process  of  vaporization  and  unless  correction  be  made  for  the 
heat  rendered  latent  by  vaporization  and  removed  in  the  ven- 
tilating air  current,  the  amount  of  heat  measured  will  be  too 
small.  To  determine  the  quantity  of  heat  which  has  been  ren- 
dered latent  by  the  evaporation  of  a  given  weight  of  water,  one 
must  know  the  latent  heat  of  evaporation  at  the  temperature  of 
the  air  within  the  calorimeter.  This  temperature  in  our  experi- 
ments has  been  26''C.  Regnault's  formula,*'  L  =  606.5  -  0.695^, 
gives  as  the  latent  heat  0.588  large  calorie  per  gram  of  water  evap- 
orated at  26^.  This  figure  was  used  at  the  beginning  of  our  work. 
It  was  adopted  at  that  time  provisionally  imtil  opportunity  should 
offer  to  decide  as  to  the  best  value  of  L  for  this  temperature. 
Through  an  inadvertence  the  use  of  this  factor  has  been  con- 
tinued up  to  the  time  of  this  publication  and  a  large  amount  of 
experimental  work  has  been  calculated  on  this  basis. 

The  most  recent  work  on  the  heat  of  vaporization  of  water  over 
the  range  of  temperature  in  question  appears  to  be  that  of  Smith.*^ 
According  to  the  formula  developed  by  him  the  value  of  L  at  26"" 
would  be  in  the  neighborhood  of  0.582  calorie  per  gram.  The 
amount  of  water  vaporized  in  our  experiments  is  usually  so  small 

"  hoc,  ciL 

>*Regnault:  Mem.  Acad.  Roy.  Set.  Inai.  France,  xxi,  pp.  035-728,  1847. 
'<^  Smith :  Heat  of  Evaporation  of  Water,  Physical  Review^  xxv,  p.  145, 
1907. 


Digitized  byVjOOQlC 


H.  B.  Williams  343 

that  it  really  makes  but  little  difference  which  figure  is  used. 
The  error  would  usually  be  in  the  second  decimal  place.  In 
future  work  a  new  value  for  L  will  be  used  based  on  the  best  data 
available  and,  in  a  critical  consideration  of  such  experiments 
as  have  been  done  prior  to  July  1912,  it  may  be  well  to  recalculate 
those  in  which  the  evaporation  of  water  has  been  unusually  large, 
though  the  correction  seems  hardly  likely  to  change  the  physio- 
logical significance  of  any  of  this  work. 

In  the  case  of  carbon  dioxide  the  percentage  error  is  seen  to 
range  from  0.3  per  cent  to  2.3  per  cent  and  in  the  case  of  oxygen 
from  sero  to  2.3  per  cent.  In  experiments  with  animals  it  is  doubt- 
ful whether  the  results  can  be  relied  upon  in  the  case  of  oxygen  and 
carbon  dioxide  to  better  than  2  per  cent  when  the  total  quantities 
measured  are  as  small  as  in  these  control  experiments.  The 
absolute  error  as  may  be  seen  is  not  very  great  and  if  the  results 
of  a  number  of  hours  of  experimentation  be  added  together  the 
total  result  would  be  much  nearer  the  truth.  In  the  second 
experiment  the  percentage  error  in  the  case  of  carbon  dioxide  for 
the  three  hours  was  1.6  and  that  of  the  oxygen  determination  over 
the  same  time  1.5.  Turning  to  the  heat  measurement,  we  find 
errors  in  the  single  hours  of  the  order  of  2  to  2.5  per  cent  and  an 
average  error  for  the  three  hours  of  about  2  per  cent.  When  one 
considers  the  complexity  of  an  apparatus  for  measuring  at  the 
same  time  heat,  oxygen  absorption  and  output  of  carbon  dioxide 
and  water  and  bears  in  mind  the  difficulty  of  calorimetric  work 
in  general,  it  will  be  appreciated  that  a  percentage  error  as  high 
as  2.5  on  a  total  of  15  calories  is  not  surprising.  It  seems  hardly 
likely  that  the  absolute  error  involved  can  prove  of  any  consequence 
in  the  decision  of  the  class  of  physiological  problems  involving 
this  kind  of  measurement.  From  the  results  of  a  large  number  of 
electric  control  experiments  in  addition  to  the  alcohol  controls  it 
seems  reasonably  certain  that  under  the  conditions  of  the  controls 
the  measurement  of  heat  is  trustworthy  to  2.5  per  cent.  Over 
longer  periods  or  in  measuring  larger  amounts  the  percentage  error 
is  naturally  less.  That  the  same  degree  of  accuracy  can  always  be 
attained  in  experiments  on  living  animals  is  open  to  question. 
In  such  experiments  one  must  take  into  consideration  fluctuations 
in  body  temperature.  As  the  apparatus  stands  at  present  this  is 
attempted  by  measuring  with  great  accuracy  the  rectal  temperature 
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with  an  electrical  resistance  thermometer.  When  the  fluctuations 
in  body  temperature  are  gradual  the  weight  of  evidence  seems  to 
indicate  that  the  rectal  temperature  is  a  sufficiently  good  index 
of  the  general  body  temperature.  When,  however,  the  temperature 
of  the  body  undergoes  rapid  change,  we  have  evidence  that  the 
change  in  the  rectal  temperature  does  not  run  strictly  parallel  to 
the  general  change  and  under  such  circumstances  the  heat  measured 
over  a  short  period  may  be  in  error  by  a  very  much  larger  amount 
than  2.5  per  cent.  The  possible  limits  of  this  error  and  whether 
or  not  means  which  have  been  proposed  for  eliminating  or  lessen- 
ing it  will  be  effective  cannot  be  Btated  as  yet.  This  source  of 
error  is  probably  minimal  in  all  cases  where  the  body  temperature 
changes  slowly,  but  it  is  well  for  the  present  to  exercise  reserve 
in  judging  the  results  of  experiments  in  which  the  rectal  thermome- 
ter has  shown  sudden  and  large  fluctuations. 

ERRORS  IN  DETERMINATION  OF  OXTOEN. 

In  attempting  to  determine  oxygen  consumption  directly  with 
this  type  of  apparatus,  numerous  sources  of  error  require  atten- 
tion. Oxygen  is  admitted  to  the  system  from  a  weighed  cylinder 
of  the  gas  so  as  to  maintain  the  apparent  volume  the  same  at  the 
end  as  at  the  beginning  of  the  experiment.  The  following  causes 
can  operate  to  change  the  apparent  volume. 

Consumption  of  oxygen  by  the  subject  of  experiment. 

Removal  of  excess  of  water  vapor  by  absorbers. 

Removal  of  carbon  dioxide  by  the  absorbers. 

Change  in  temperature  of  air  within  the  chamber. 

Change  in  general  barometric  pr.  ssure. 

All  of  these  causes  are  operative  during  experimentation  and 
all,  except  actual  consumption  of  oxygen  by  the  subject,  require 
that  corrections  be  made.  In  addition  there  is  the  possibility  of 
leakage  in  any  part  of  the  system.  Should  a  loss  of  1  liter  of  air 
from  the  system  occur,  the  determination  of  carbon  dioxide  and 
water  would  suffer  but  little  error.  That  of  oxygen  would  be  in 
error  by  over  1.4  grams.  In  an  experiment  on  a  small  hiunan 
infant  such  a  leakage  would  cause  an  error  in  the  neighborhood  of 
30  per  cent. 

The  correction  for  change  in  temperature  of  the  air  within  the 
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calorimeter  is  made  on  the  basis  of  the  indications  of  the  air  ther- 
mometers. These  are  six  in  number  and  so  situated  as  to  integrate 
fairly  well  the  average  temperature  of  the  air.  Owing  to  the 
necessity  of  keeping  the  central  part  of  the  chamber  clear,  the  air 
thermometers  had  to  be  put  near  the  walls  so  that  warmer  or 
cooler  air  from  the  central  parts  of  the  chamber  has  to  reach  the 
thermometers  by  convection.  The  ventilation  is  not  sufficient 
to  prevent  localized  portions  of  this  air  from  acquiring  for  short 
intervals  a  temperature  very  different  from  the  general  temperature 
inside  the  box  in  case  a  sudden  increase  in  heat  elimination  occurs, 
as  the  following  experiment  shows. 

An  electrical  resistance  was  put  in  the  calorimeter  and  the 
apparatus  sealed  up.  After  steady  conditions  were  attained  the 
air  thermometers  were  read  and  heat  suddenly  developed  in  the 
resistance  which  occupied  a  position  in  the  center  of  the  box. 

The  box  itself  with  the  tension  equalizer  provided  with  a  long 
pointer  is  a  most  sensitive  thermobarometer.  The  immediate 
effect  of  a  puff  of  heat  in  the  center  of  the  box  was  to  cause  a  sudden 
elevation  of  the  pointer  on  the  tension  equalizer  of  about  10  cm. 
After  a  considerable  interval  the  air  thermometers  recorded  the 
change.  This  shows  clearly  that  sudden  changes  in  temperature 
at  the  end  of  an  experimental  period  would  be  quite  sufficient  to 
upset  the  oxygen  determination.  Whether  such  changes  occur  or 
not  the  operator  is  fortunately  in  a  position  to  determine  without 
regard  to  the  indications  of  the  air  thermometers.  No  sudden 
change  in  temperature  can  escape  detection  if  the  long  pointer 
attached  to  the  tension  equalizer  is  watched  and  this  the  operator 
always  does  at  the  end  of  the  periods.  No  result  is  accepted  where 
a  sudden  change  in  temperature  of  the  air  occurs  at  or  near  the 
end  of  the  period. 

Changes  in  barometric  pressure  can  be  read  to  0.05  mm.  The 
barometer  is  always  adjusted  a  few  minutes  before  the  end  of  a 
period  so  that  the  exact  reading  can  be  obtained  without  delay 
j  ust  at  the  end  of  the  period.  Since  the  residual  amounts  of  carbon 
dioxide  and  water  vapor  in  the  chamber  may  vary  from  the  end 
of  one  period  to  that  of  the  next  an  analysis  is  made  just  before 
the  end  of  each  period  by  the  method  described  by  Benedict  and 
Carpenter.*^ 

"  Loc.  cii. 
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Any  error  in  the  residual  analysis  would  also  appear  in  the  final 
result  as  affecting  more  or  less  seriously  the  determination  of  oxygen. 

For  the  purpose  of  determining  the  adequacy  of  the  technique 
and  the  tightness  of  the  apparatus  without  the  necessity  of  going 
through  with  the  very  considerable  labor  of  an  alcohol  control, 
the  following  experiment  was  devised  which  for  brevity  has  been 
called  an 

Oxygen  blank. 

In  carrying  out  this  test  the  apparatus  is  sealed  up  as  if  for  a 
formal  experiment  and  the  ventilating  current  of  air  started.  No 
source  of  heat  within  is  necessary  and  the  cooling  water  need  not 
be  kept  flowing  though  this  has  sometimes  been  done.  When 
conditions  have  become  fairly  steady  an  analysis  of  the  residual 
air  is  made  and  the  air  pump  stopped .  The  air  current  is  deflected 
in  the  usual  manner  through  a  fresh  set  of  weighed  absorbers  and 
the  tension  equalizer  adjusted  to  standard  position  by  admission 
of  oxygen. 

The  air  current  is  started  again,  the  cylinder  of  oxygen  weighed 
and  replaced  and  the  experiment  continued  for  an  hour  when  the 
residual  analysis  is  again  made  and  the  tension  equaliser  adjusted 
to  standard  position.  No  oxygen  will  have  entered  the  system, 
provided  it  is  tight,  unless  a  shrinkage  in  volume  due  to  fall  of 
temperature  or  rise  of  the  barometer  has  occurred.  To  prevent 
an  increase  in  apparent  volume  the  temperature  is  made  to  fall 
slightly  throughout  by  use  of  the  cooling  water  in  the  outer  air 
space.  Just  at  the  end  of  the  preliminary  period  and  just  at  the 
end  of  the  test  the  barometer  and  air  thermometer  readings  are 
made. 

After  correcting  for  the  changes  in  volume  due  to  temperature 
and  barometric  change  and  making  allowance  for  the  amoimts  of 
water  vapor  and  carbon  dioxide  removed  by  the  air  current  the 
net  amount  of  oxygen  used  should  be  zero.  In  one  such  experi- 
ment the  amount  of  oxygen  unaccounted  for  after  making  the 
corrections  was  20  cc.  and  in  another  66  cc.  These  represent  the 
extremes.  The  amounts  usually  run  about  2(>-i30  cc.  The  smallest 
oxygen  consumption  in  actual  experiments  has  been  with  infants. 
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The  amount  for  the  smallest  infant  (weight  3.05  kgms.)  was  2.16 
to  2.50  grams  per  hour." 

The  average  error  shown  in  the  oxygen  blanks  would  be  less  than 
2  per  cent  of  this  amount.^  This  blank  experiment  is  easily  per- 
formed and  requires  but  one  or  at  most  two  persons  to  carry  it  out. 
The  ease  with  which  it  can  be  done  makes  it  a  convenient  check  on 
the  gas  analysis  technique  and  it  has  been  frequently  employed. 
It  will  detect  with  certainty  very  small  leaks.  The  window  has  to 
be  sealed  for  each  experiment  and  no  satisfactory  test  for  tightness 
can  be  made  with  the  subject  in  the  apparatus.  The  window 
is  closed  with  two  glasses,  however,  and  sealed  with  great  care. 
All  but  one  of  the  joints  on  the  absorber  table  can  be  tested  during 
the  experiments.  All  other  possibilities  of  leakage  are  accounted 
for  by  the  oxygen  blank. 

As  a  result  of  these  tests  and  of  the  alcohol  controls  it  seems  to 
be  established  that  the  apparatus  is  capable  of  measuring  oxygen 
in  amounts  corresponding  to  the  metabolism  of  small  animals  to 
a  very  high  degree  of  accuracy,  but  that  this  degree  of  accuracy 
shall  be  realized  in  actual  experimentation  on  animals  it  is  uncon- 
ditionally essential  that  no  sudden  fluctuation  in  temperature  of 
the  air  within  the  chamber  shall  occur  at  or  near  the  end  of  the 
period  of  experimentation. 


**Howland:  ZeiUchr,  f.  phynoL  Chem.,  Ixxiv,  p.  12,  1911. 

"  The  error  in  oxygen  blanks  was  often  U%8  than  20  cc.  but  the  general 
trend  of  these  experiments  indicates  an  absolute  error  in  oxygen  measure- 
ment of  about  20-30  cc.  This  for  the  smallest  oxygen  consumption  meas- 
ured would  be  an  error  of  1.25-1.5  per  cent  by  weight. 
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I.   INTRODUCTION. 

The  construction  of  a  respiration  calorimeter  which  can  measure 
the  heat  production,  the  carbonic  acid  outgo  and  the  oxygen  intake 
in  hourly  periods  in  the  dog,  has  revealed  some  new  facts  which  are 
to  be  set  forth  in  this  series  of  papers.  The  special  object  of  much 
of  the  work  done  has  been  to  investigate  more  closely  the  nature  of 
the  processes  involved  in  the  increased  heat  production  which 
follows  the  ingestion  of  the  various  foodstujffs — the  so-called 
''specific  dynamic  action"  of  Rubner.  Carl  Voit  believed  that 
abundant  food  increased  the  power  of  the  cells  of  the  body  to  me- 
tabolize the  materials  brought  to  them.  This  he  clearly  stated  in 
the  following  language:^ 

^  Carl  Voit:  Physiologie  des  SioffwecheeU  und  der  Emahrung,  1881,  pp. 
308.  311. 

^^^  Digitized  by  Google 
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''Die  Masse  und  Leistungsf&higkeit  der  stofflich  t&tigen  Zellen  einerseits 
und  die  Qualit&t  und  Quantit&t  des  den  Zellen  sugefOhrten  Verbrauchs- 
materials  andererse^ts,  bestimmen  demnach  den  StoflFumsats;  die  Zellen 
verni6gen  aber  nur  bis  su  einer  gewissen  ftussereten  Grense  t&tig  su  sein 
uber  die  hinaus  auch  bei  weiterer  Zufuhr  nicht  mehr  sersetst  werden  kann." 

and. 

''Die  haupts&chlichsten  Aenderungen  im  Sto£Fwechsel  werden  aber  her- 
vorgerufen  durch  die  Verschiedenheiten  in  der  Qualit&t  und  Quantit&t 
des  Verbrauchsmaterials  welches  den  Zellen  durch  die  S&fteciiculation 
sugefUhrt  wird.  Es  handelt  sich  dabei  vorsUglich  um  die  Menge  des  durch 
den  Saftstrom  dargebotenen  Eiweises,  aber  auch  um  die  sugleich  vorhan- 
denen  sticksto£Ffreien  Sto£Fe." 

This  was  essentially  his  belief  more  than  twenty  years  later.' 

Von  Mering  and  Zuntz'  held  that  the  increase  in  metabolism 
after  food  ingestion  was  due  to  the  increased  activity  of  the  intes- 
tinal tract.  This  they  believed  to  be  the  true  cause  of  the  increased 
heat  production,  a  contention  which  has  been  strongly  maintained 
in  the  many  papers  from  Zuntz's  laboratory. 

In  a  paper  of  Magnus-Levy^  from  Zuntz's  laboratory,  experi- 
ments were  described  in  which  various  foods  were  given  to  a  dog 
and  the  respiratory  metabolism  determined  in  short  periods  each 
hour  after  the  intake  of  food.  After  giving  1800  grams  of  meat  to 
a  dog  weighing  26,kgm8.,  the  oxygen  consumption  rose  from  185  cc. 
to  350  and  360  cc.  per  minute,  an  increase  of  100  per  cent.  The 
metabolism  was  maintained  at  nearly  this  height  from  the  third 
to  the  eighth  hour.  After  giving  rice  or  rice  and  cane  sugar,  the 
oxygen  consumption  was  increased  20  per  cent,  whereas  with 
very  large  quantities  of  fat,  the  increase  was  not  more  than  10 
per  cent  in  eighteen  hours. 

Reviewing  the  known  facts,  Magnus-Levy  concludes 

''Die  ganse  Rechnung  deren  unsicheren  Grundlagen  nicht  verkannt 
werden,  soil  uns  seigen  dass  der  Versuch  den  Mehrverbrauoh  gans  oder  sum 
weitaus  grOssten  Teil  auf  die  'Verdauungsarbeit'  surucksufUhren,  keines- 
wegs  unmdglich  ist/' 

In  a  later  paragraph,  however,  he  adds  concerning  the  behavior 
of  protein, 

>  Carl  Voit:  MUneh.  med.  Wochensehr.,  xlix,  p.  233,  1002. 
*  Von  Mering  and  Zunts:  PfiHger'a  Arehiv,  xv,  p.  634, 1877. 
«  Magnus-Levy:  PfiHger's  Arckiv,  !▼,  p.  1, 1894. 
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''Diese  £rh6hung  des  Gesammtumsatses  kann  lurttekgehen  sowohl  auf 
eine  Steigeruog  des  Ruheverbrauchs  wie  auf  eine  directe  Anregung,  einen 
Reii  zu  st&rkerer  activer  Bewegung,  su  grosserer  Lobhaftigkeit;  letzteres 
ist  aus  manchen  Erfahrungen  wahrsheinlich;  ersteres  glaube  ich  aus  meinen 
Verauchen  entnehmen  su  konnen/' 

Rubner*  denies  that  intestinal  activity  plays  any  significant 
rdle  in  the  phenomenon  in  question.  Rubner  believes  that  the 
fasting  metabolism  represents  the  necessary  minimum  of  energy 
needed  to  maintain  life.  When  food  is  ingested  it  must  be  acted 
on  by  ferments  of  various  kinds  breaking  it  up  into  simple  com- 
pounds with  the  elimination  of  heat.  The  metabolizable  energy 
in  the  simple  compounds  may  be  used  in  isod3niamic  equivalents, 
instead  of  the  energy  used  in  fasting,  and  when  sufficient  food  is 
given  (the  maintenance  ration)  may  completely  supplant  the  latter. 
However,  the  heat  liberated  in  the  preliminary  preparation  of 
these  metabolizable  compoimds  is  of  no  value  as  fuel  to  support 
the  movements  of  the  cell-particles  and  is  simply  eliminated  as 
free  heat.  According  to  this  theory  the  heat  liberated  in  the  pre- 
paration of  foodstuffs  for  dynamic  purposes  is  added  to  that 
developed  in  order  to  satisfy  the  basal  dynamic  requirement  of  the 
cells,  the  sum  of  the  two  producing  the  total  obtained.  Thus 
Rubner  found  that  if  cane  sugar  containing  100  calories  was  given 
to  a  dog,  the  heat  production  was  increased  5.8  calories.  Since 
cane  sugar  on  cleavage  into  levulose  and  dextrose  yields  3.1  per 
cent  of  its  total  energy  content  as  free  heat,  Rubner  attributed  the 
larger  part  of  its  specific  dynamic  action  to  this  factor,  and  believed 
that  ingested  dextrose  itself  was  practically  without  power  to 
increase  the  metabolism.  When  meat  containing  100  calories 
was  metabolized,  the  heat  production  was  increased  by  30.9  calo- 
ries, which  Rubner  interpreted  to  mean  that  protein  yielded  dex- 
trose which  was  serviceable  to  the  cells  in  maintaining  the  motions 
of  life,  while  much  of  the  remainder  of  the  energy  in  the  protein 
was  spent  as  free  heat  in  preliminary  cleavages  and  oxidations. 
When  fat  containing  100  calories  was  ingested,  12.7  calories  of  free 
heat  were  liberated .  Rubner  has  never  given  a  satisfactory  reason 
for  this,  although  he  states  that  the  explanation  is  akin  to  that  of 
the  behavior  of  cane  sugar.    Since,  however,  tissue  fat  oxidized  in 

*  Rubner:  Die  Oeaeize  des  Energ%everhraiich$,  19Q2. 
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fasting  must  undergo  the  same  form  of  cleavage  and  metabolism 
as  ingested  fat,  and  since  the  simple  cleavage  of  fat  into  fatty  acid 
and  glycerin  or  the  synthetic  reversion  of  these  two  substances  is 
not  accompanied  by  the  liberation  of  any  great  amount  of  energy, 
the  specific  d3mamic  action  of  fat  in  terms  of  Rubner's  theory  is 
not  clear.* 

The  method  of  calculating  the  specific  dynamic  action  of  pro- 
tein used  by  Rubner  is  open  to  serious  criticism.  In  all  but  one 
instance,  Rubner  neglected  to  attribute  any  specific  dynamic  in- 
fluence to  the  protein  metabolism  of  the  fasting  period.  It  seems 
to  the  writers  that  the  increase  of  protein  metabolism  above  that 
obtained  in  fasting  should  represent  the  true  influence  which  is  the 
cause  of  the  increased  total  metabolism.  If,  for  example,  the  calo- 
ries of  protein  and  of  total  metabolism  of  three  experimental  days 
after  giving  274  grams  of  meat  be  averaged,  and  from  this  the  calo- 
ries of  protein  metabolism  and  of  total  metabolism  in  fasting  be 
deducted,  the  result  shows  the  increase  in  metabolism  caused  by  the 
increased  protein  destruction.  The  following^  illustrates  this 
point. 


BUBNBX'B  KXPSBIMBNT  NUUBBB 


30 
31 

32 


Average . 


40 


Increase  . 


FOOD 

^ALOBIBB  or 

Protein 

MBTABOUSII 

Total 

274  gm.  meat 

170.8 

331  3 

274  gm.  meat 

196.5 

328.3 

274  gm.  meat 

218.4 

321.7 

195.2 

327.1 

Fasting 

41.8 
153.4 

231.7 
95.4 

If  an  increase  in  protein  metabolism  of  153.4  calories  caused  ao 
increase  in  total  metabolism  of  95.4  calories,  the  specific  djmamic 


action  of  protein  would  be 


95.4 


or  62.    If  the'calories  of  the  fasting 


153.4 
protein  metabolism  are  not  subtracted,  the  specific  dynamic  action. 


•For  further  details  consult  Lusk:  Science  of  Nutrition^  2d  ed.,  1909; 
Stoffwechsel  und  Emdhrung:  Deutsche  Uebersetiung  von  L.  Hess,  1910. 
A  full  review  of  the  literature  cannot  be  attempted  in  this  series  of  articles. 

^  Taken  from  Rubner,  loc.  cit,,  p.  323. 
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95  4 
would  be       '     or  49.    Rvbner,  however,  bases  his  cdUmUUions  on  the 

IVfO.  Jl 

calories  of  the  ingesta.    In  Experiment  40,  the  dog's  weight  was  4.56 

kgms.  From  table  120  on  p.325y  it  may  be  seen  thatthe  dog  received 

57.1  calories  per  kilogram  in  the  form  of  protein  or  260.4  calories 

95  4 
daily.     This  would  give  a  specific  dynamic  action  of        '  .  or 

36.  This  is  essentially  the  basis  of  Rubner's  calculation,  although 
he  makes  further  allowance  for  fat  ingested. 

This  method  of  calculation,  however,  is  erroneous,  for  of  260.4 
calories  of  protein  in  the  ingesta,  only  195.2  were  liberated  in 
metabolism  and  Rubner  in  another  part  of  his  book  (p.  256)  shows 
that  protein  which  is  added  to  the  organism  (as  must  have  taken 
place  in  this  instance)  exerts  no  specific  dynamic  influence. 

The  case  in  which  Rubner  himself  deducts  the  calories  of  the 
fasting  metabolism  from  those  of  increased  protein  metabolism 
is  found  in  his  work  with  phlorhizin  glycosuria.*  If  the  specific 
dynamic  action  of  protein  is  due  to  the  intermediary  processes  of 
protein  metabolism,  this  latter  method  of  computation  appears 
to  the  writers  to  be  the  true  form  of  procedure. 

A  research  by  Gigon^  on  a  man  who  was  given  separately  casein, 
dextrose,  olive  oil,  and  casein  +  dextrose,  and  whose  metabolism 
was  determined  in  the  Jaquet  respiration  apparatus,  has  yielded 
some  interesting  data.  The  man's  metabolism  eight  hours  after  a 
customary  meal  had  a  constant  basal  value  of  70.16  calories  per 
hour  when  the  individual  was  in  complete  repose  upon  a  bed 
(NQchtemwert  bei  vorsatzlicher  Muskelruhe). 

In  order  to  make  the  work  of  Gigon  capable  of  comparison,  the 
recalculations  on  page  354  have  been  nutde  from  the  figures  given 
in  his  article. 

Gigon  concludes  that  protein  ingestion  has  little  effect  on  the 
fundamental  metabolism  of  carbohydrate  and  fat  in  the  organism. 
This  is  merely  because  he  has  found  a  high  ''specific  dynamic" 
action  for  protein. 

Gigon  finds  that  ingestion  of  50  grams  of  dextrose  slightly 
increases  the  heat  production  (12  calories  in  two  hours)  and  that 


*  Rubner:  loe,  cii,^  p.  370. 

•  Gigon:  P finger's  Arehiv,  cxl,  p.  1,  1911. 

TBB  JOUKMAL  OF  BIOLOOICAI.  OHaiOITBT,    VOL.  Xn,  NO.  3. 
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Inereaae  of  metaboltBm  in  man  due  to  protein  ingestion  {Gigon). 


FOOD 

INCmBABB  IW  mOTBIN 
KBTABOLBM 

INCBBABB  IN 

TOTAL 
CALOBXB8  or 
MBTABOUBM 

100CAU>BIBS 

MBTABOUUI 

IMCBBABBi 

TOTAL 

CALOBXBBBT 

60  gm.  casein 
100  gm.  casein 
160  gm.  casein 
200  gm.  casein 

grmmu 
7.1 
23.8 
35.7 
58.1 

cmUtHt$ 

28.4 

95.2 

142.8 

232.4 

19 
53 

118 

171 

67 
66 

83 
74 

Average ' 

70 

100  grams  of  dextrose  brings  about  an  increase  of  30  calories  in 
four  and  one-half  hours,  the  increase  in  the  two  cases  being  about 
the  same  per  hour.  Fifty  grams  of  olive  oil  given  reduced  the 
metabolism  by  30  calories  in  seven  and  one-half  hours,  and  150 
grams  of  olive  oil  increased  it  by  20  calories  in  eight  hours.  Gigon 
denies  that  there  is  a  specific  dynamic  action,  but  that  a  specific 
relation  exists  between  the  organism  and  each  individual  food- 
stuff. 

All  this  is  in  accord  with  the  doctrines  of  Carl  Voit  who  laid 
greater  emphasis  upon  the  ''Stoffwechsel"  than  upon  the  "Kraft- 
wechsel"  in  the  interpretation  of  the  phenomena  of  metabolism. 
Voit*®  wrote  in  1902,  "Ich  halte  daher  an  meinem  'alten  Stand- 
punkt'  dem  rein  stofllichen,  zur  Erklarung  der  Vorgange  des 
Stoffwechsels,  und  ich  bin  Qberzeugt  dass  er  der  richtige  ist." 

But  neither  method  is  complete  without  the  other. 

II.   EXPERIMENTAL  PROCEDURE. 

The  results  here  described  were  obtained  from  two  short-haired 
bull  terriers  (females),  known  as  Dog  I,  weighing  13.5  kgms., 
experimented  on  during  the  first  year  of  the  work  and  Dog  II, 
weighing  9.3  kgms.,  during  the  second  year. 

Before  the  dog  was  placed  in  the  box  of  the  calorimeter,  an 
electrical  resistance  thermometer  was  inserted  about  four  inches 
in  the  rectum.  At  first  an  attempt  was  made  to  swing  the  dog 
from  a  frame  in  the  calorimeter  after  the  manner  of  Pawlow.     It 

"Voit:  loc,  cii. 
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was  found,  however,  that  the  dog  in  this  position  frequently  became 
uncomfortable  and  sometimes  struggled  violently.  Later  a  ham- 
mock with  a  flat  cloth  bottom  and  sides  of  knitted  cord  was  intro- 
duced, and  on  this  the  well-tramed  animal  remained  quiet  and 
asleep,  often  for  periods  of  three  to  five  hours.  To  promote  quiet 
the  glass  window  of  the  calorimeter  was  always  covered  with  a 
heavy  blanket  which  shut  out  all  the  light.  During  the  second 
year  of  experimentation,  at  the  urgent  suggestion  of  Dr.  F,  G. 
Benedict,  a  useful  device  for  registering  the  movements  of  the  dog 
was  placed  in  connection  with  the  floor  on  which  the  dog  lay  and 
any  motion  was  transmitted  to  a  recording  apparatus  which  wrote 
upon  a  kymograph.  The  room  was  always  kept  quiet.  Special 
care  not  to  wake  the  dog  had  to  be  observed  at  the  end  of  each 
hourly  period  when  the  rotary  blower  was  stopped  for  a  moment 
in  order  to  direct  the  pathway  of  the  air  through  a  different  set  of 
absorbers.  Movement  at  the  end  of  the  period  heated  the  air 
within  the  apparatus  and  caused  its  volume  to  increase  so  that  the 
oxygen  absorbed  during  the  period  could  not  be  determined.  It  is 
obvious  that  a  considerable  amount  of  work  had  to  be  discarded 
on  account  of  the  behavior  of  the  animal. 

The  temperature  of  the  interior  of  the  calorimeter  was  main- 
tained between  26^  and  27^  during  all  the  experiments. 

The  problem  of  the  collection  of  the  urine  in  hourly  periods 
during  the  time  when  the  dog  was  in  the  respiration  appara^ 
tus  presented  unsurmoimtable  difficulty.  However,  a  very  close 
approximation  to  accuracy  was  obtained  by  collecting  the  urine  in 
hourly  periods  when  the  animal  was  given  the  same  quantity  of 
food  outside  the  calorimeter.  If  the  dog  were  catheterized  before 
going  into  the  calorimeter  and  again  when  he  came  out,  it  was 
found  that  the  urine  of  this  period  contained  nitrogen  equal  to  the 
sum  of  the  amounts  of  nitrogen  found  in  corresponding  hourly 
periods  as  determined  separately  on  other  days.  (See  Appendix, 
Tables  XII  and  XIII.)  During  the  height  of  the  digestion  the 
hourly  elimination  of  nitrogen  was  found  to  be  very  even  and 
averages  could  be  computed  for  tl^e  experimental  period. 

Catheterization  was  aided  by  the  use  of  an  aural  speculum. 
The  speculum  and  soft  silk  catheter  were  always  sterilized  in  a 
steam  bath  before  using  and  the  bladder  was  washed  with  water 
and  then  with  boracic  acid  solution  after  each  catheterization. 
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Experiments  extending  over  many  months  and  often  involving 
hourly  catheterization  for  many  successive  hours  were  thus  accom- 
plished without  infecting  the  bladder.^^ 

In  calculating  the  heat  produced  by  the  dog  three  factors  were 
considered;  first,  the  heat  measured  by  the  calorimeter, second, 
the  heat  of  water  vaporized,  and  third,  the  heat  gained  or  lost  by  the 
dog's  body  during  the  period  as  measured  by  an  electrical  resist- 
ance rectal  thermometer  inserted  four  inches  in  the  rectum.  The 
body  temperature  was  thus  recorded  every  four  minutes  on  the 
Wheatstone  bridge,  and  the  calculation  was  based  on  the  weight  of 
the  dog  modified  by  a  specific  heat  of  his  body  equal  to  0.8.  The 
expression,  heat  eliminated,  of  Benedict  is  the  sum  of  the  heat  lost 
by  radiation  and  conduction  from  the  animal  to  the  calorimeter 
plus  that  lost  by  the  evaporation  of  water.  This  b  calculated  as  in 
an  alcohol  check  experiment  described  in  this  /(mmoZ,  this  volume, 
p.  338.  The  heat  produced  by  the  animal  equals  the  heat  eliminated 
plus  or  minus  the  heat  retained  in  his  own  body  as  registered  by 
the  rectal  thermometer.  The  quantity  of  oxygen  absorbed  and 
carbonic  acid  eliminated  is  calculated  as  in  the  alcohol  check 
to  which  reference  is  nutde  in  the  previous  paper. 

The  calculations  of  indirect  calorimetry  throughout  this  series 
of  papers  are  based  on  the  figures  given  by  Loewy^'  and  are  as 
follows: 

1  gram  urinary  N  «-  26.51  calories. 

1  gram  urinary  N  «-    5.91  liters    Os  («-  S.45  grams). 

1  gram  urinary  N  «-    4.75  liters  COs  («  9.35  grams). 

1  gram     Ot  «-  0.699  liters. 

1  gram  COt  -  0.506  liters. 

The  grams  of  nitrogen  of  the  urine  are  multiplied  by  the  oxygen 
and  carbon  dioxide  coefficients.  The  resulting  quantities  are 
deducted  from  the  amounts  of  carbon  dioxide  expired  and  oxygen 
inspired.  The  respiratory  quotient  of  these  remainders  depends 
upon  the  relative  quantities  of  carbohydrate  and  fat  oxidized. 
The  value  of  this  non-protein  metabolism  may  be  computed  from 

^^  It  would  be  possible  to  mention  several  pieces  of  work  from  American 
laboratories  whose  value  is  decreased  or  is  even  utterly  worthless  on  account 
of  a  neglect  to  separate  the  urine  by  catheterisation. 

"  Loewy:  Oppenheimer's  Handbueh  der  Biochemie,  iv,  p.  277,  1911. 
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a  table  given  by  Zuntx  and  Schumburg^  ot  which  the  following  is 
a  convenient  elaboration. 

The  ngnificanee  of  ihs  Nan-^otein  Respiratory  Q%u>ixefU  ae  regca^da  the  heat 
value  of  1  liter  of  oxygen,  and  the  relative  quantity  in  ealoriee  of  earhohydrate 
and  fat  coneumed. 


R.Q. 

OALOBIM  FOB  I  UTBB  Ol 

OABBOBTDBATB* 

NumlMT         1             Loc 

FAT 

0.70 

4.686 

0.67080 

fMTMnl 
0 

p^retnl 
100 

0.71 

4.690 

0.67116 

1.4 

98.6 

0.72 

4.702 

0.67231 

4.8 

95.2 

0.73 

4.714 

0.67346 

8.2 

91.8 

0.74 

4.727 

0.67460 

11.6 

88.4 

0.75 

4.739 

0.67574 

15.0 

85.0 

0.76 

4.762 

0.67688 

18.4 

81.6 

0.77 

4.764 

0.67801 

21.8 

78.2 

0.78 

4.776 

0.67913 

25.2 

74.8 

0.79 

4.789 

0.68024 

28.6 

71.4 

0.80 

4.801 

0.68136 

32.0 

68.0 

0.81 

4.813 

0.68247 

35.4 

64.6 

0.82 

4.825 

0.68358 

38.8 

61.2 

0.83 

4.838 

0.68460 

•     42.2 

57.8 

0.84 

4.850 

0.68578 

45.6 

54.4 

0.85 

4.863 

0.68690 

49.0 

51.0 

0.86 

4.875 

0.68800 

52.4 

47.6 

0.87 

4.887 

0.68910 

55.8 

44.2 

0.88 

4.900 

0.69019 

59.2 

40.8 

0.89 

4.912 

0.69128 

62.6 

37.4 

0.90 

4.924 

0.09230 

66.0 

34.0 

0.91 

4.936 

0.69343 

69.4 

30.6 

0.92 

4.948 

0.69450 

72.8 

27.2 

0.93 

4.960 

0.69557 

76.2 

23.8 

0.94 

4.973 

0.09664 

79.6 

20.4 

0.95 

4.965 

0.69771 

83.0 

17.0 

0.96 

4.997 

0.69878 

86.4 

13.6 

0.97 

5.010 

0.69985 

89.8 

10.2 

0.98 

5.022 

0.70092 

93.2 

6.8 

0.99 

5.034 

0.70199 

96.4 

3.4 

1.00 

5.047 

0.70307 

100.0 

0.0 

"  ZuntB  and  Sohumburg:  Studien  mu  einer  Phyeiologie  dee  Marchee,  Ber- 
lin, 1901. 
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In  cases  where  the  non-protein  respiratory  quotient  rises  above 
unity,  the  heat  production  may  be  approximately  calculated  by 
multiplying  the  number  of  liters  of  oxygen  absorbed  by  its  calorific 
value  when  the  respiratory  quotient  is  unity,  and  adding  to  that  a 
certain  value  obtained  as  described  below. 

The  simplest  expression  for  the  conversion  of  dextrose  into  fat 
is  as  follows:'* 

191.3  grams  dextrose  »  100  grams  fat  +  7.4  grams  HsO  -f  84  grams  Os, 
1  gram  dextrose  —  0.43  gram  Os  «  0.57  gram  fat. 

This  reaction,  however,  does  not  probably  take  place  with  the 
liberation  of  free  oxygen,  but  rather  with  the  coincident  metabo- 
lism of  dextrose  in  a  manner  similar  to  that  suggested  by  Bleib- 
treu"  and  represented  by  the  following  formula: 

270.06  grams  dextrose  »  100  grams  fat  +  54.6  grams  HtO  + 115.45  grams  CO2. 

In  this  formula  fat  is  produced  from  dextrose  with  the  liberation 
of  carbonic  acid  and  water.  The  reaction  is  exothermic^  4.7  per 
cent  of  the  eneigy  in  dextrose  being  liberated  as  heat  as  is  seen 
below. 

270.06  X  3.692  »  997.2  calories. 

100.00  X  9.500  »  950.0  calories. 

Since  the  elimination  of  115.45  grams  of  carbon  dioxide  is  accom- 
panied by  the  liberation  of  47.2  calories,  it  follows  that  1  gram  so 
eliminated  has  a  caloric  value  of  0.409  or  1  liter,  0.803  calories. 
Recalling  the  fact  that  the  R.Q.  of  carbohydrate  is  unity,  one 
may  deduct  the  number  of  liters  of  non-protein  oxygen  absorbed 
from  the  number  of  liters  of  non-protein  carbonic  acid  eliminated 
and  the  remainder  will  represent  the  liters  of  carbonic  acid  due  to 
the  reaction  involved  in  the  production  of  fat  from  carbohydrate. 
Its  calorific  value  is  obtained  by  multiplication  with  0.803  calorie. 
At  least  this  method  of  calculation  may  be  provisionally  adopted, 
pending  a  more  complete  knowledge  of  the  process  itself. 


^*  Magnus-Levy :  Von  Nporden's  Handbuch  der  Patholoffie  dM  StoffweehseU, 
ii  p.  166,  1906;  Magnus-Levy  and  Meyer:  Oppenhetmer'sHandbtichderBio- 
chemie,  iv,  p.  472,  1911. 

»»  Bleibtreu:  PfiHger't  Archiv,  Ixxxv,  p.  345,  1901. 
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BXPEBIMENTAL  PABT. 

Experiments  with  Dog  I  determined  the  effect  of  giving  1200 
grams  of  meat  and  700  grams  of  meat  on  alternate  days  at  noon. 
This  diet  to  which  a  little  bone  ash  was  added  was  maintained 
almost  continuously  from  November  1,  19M)  to  May  1,  1911. 
The  results  with  Dog  II  were  obtained  after  giving  1000  grams  of 
meat. 

A.  Tfteeffectof  1200  grams  of  meat  ingested  by  Dog  I . 

The  basal  metabolism  was  determined  during  the  hour  between 
9.45  and  10.45  a.m.  on  the  day  following  the  ingestion  of  700  grams 
of  meat  at  noon.  Attempts  made  to  obtain  the  metabolism  of  the 
dog  between  10.45  and  11.45  were  invariably  frustrated  on  account 
of  the  activity  of  the  dog  previous  to  the  regular  meal  time.  The 
essentials  are  presented  in  Table  I.  The  lowest  metabolism  was 
found  tQ  be  about  22.3  calories  per  hour  although  this  might  rise 
to  25  calories  even  in  the  sleeping  dog.  It  is  possible  that  these 
differences  in  metabolism  may  have  been  due  to  variations  in 
posture.  Similar  variations  were  also  noted  in  Dog  II.  In  Ex* 
periment  8^  Dog  I,  when  the  metabolism  was  26  calories  per  hour, 
the  dog  was  quiet,  awake,  licked  her  paws  and  made  some  slight 
movements  toward  the  end  of  the  experiment.  In  Experiment 
2  there  were  violent  movements  and  the  heat  production  was 
double  the  minimal  basal  metabolism,  rising  to  45  calories. 

Twelve  hundred  grams  of  meat  were  given  the  dog  at  noon  and 
the  results  of  the  various  experiments  are  presented  in  detail  in 
Table  II.  In  order  to  bring  out  some  of  the  more  essential  points, 
Table  III  has  been  constructed. 

Consideration  of  this  table  suggests  one  point  which  must  be 
further  examined.  To  what  extent  is  the  nitrogen  elimination 
during  the  period  of  an  hour  representative  of  the  protein  metab- 
olism of  the  hour?  Protein  consists  of  a  variety  of  amino-acids 
and  it  should  cause  no  surprise  if  some  of  these  were  oxidized  more 
readily  than  others.  Besides  this,  there  is  certainly  some  reten- 
tion of  urea,  as  wad  shown  by  Hohlweg  and  Meyer^*  who  noted  a 
rise  of  urea  in  the  blood  from  0.038  per  cent  in  fasting  to  0.057 
per  cent  seven  hours  after  meat  ingestion  in  the  dog.    Also,  poly- 

^*  Hohlweg  and  Meyer:  Hofmeiaier^a  Beitrdge,  xi,  p.  307. 
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peptid  or  amino-acid  nitrogen  may  be  retained  in  the  organism 
if  amino-acids  be  ingested.  This  was  shown  by  Liithje^^  for  glyco- 
coll  and  asparagine,  by  Murlin^*  for  glycocoll  and  by  C.  G.  L.  WolT* 
for  alanine.  The  newer  work  of  Folin'®  describes  the  retention  of 
non-protein  nitrogen  which  is  not  urea  nitrogen  in  the  muscle  cells 
of  a  cat  after  glycocoll  has  been  given  per  os,  the  blood  vessels  to 
the  kidneys  having  been  previously  tied  off.  The  non-protein 
nitrogen  also  rose  in  the  blood  during  the  first  hour  after  the  inges- 
tion of  glycocoll. 

It  is  also  known  from  the  experiments  of  Rubner^^  on  the  dog, 
that  the  sulphur  of  protein  is  more  readily  eliminated  than  the 
nitrogen  belonging  to  it.  This  is  confirmed  by  the  experiments  of 
WolP'  as  regards  meat  ingestion  in  man,  being  evident  when  veal 
cutlets  were  given  but  not  evident  when  casein  (plasmon)  was 
administered.  In  the  dog,  however,  Wolf  found  that  the  elimina- 
tion of  the  two  elements  ran  parallel.  Since  the  N :  S  ratio  in  meat 
is  16: 1,  one  would  expect  to  find  this  ratio  in  the  urine,  or  one  a 
little  higher,  since  some  sulphur  is  present  in  the  feces'and  some  in 
the  intestinal  gas.  The  following  experiments  confirm  Rubner's 
statement  of  an  earlier  elimination  of  sulphur  than  of  nitrogen 
(see  Table  IV).  It  may  be  estimated  that  22  per  cent  more  sul- 
phur was  eliminated  during  the  first  six  hours  after  the  ingestion 
of  1000  grams  of  meat  than  corresponded  to  the  nitrogen  excreted 
during  this  period.  This  table  also  shows  that  by  far  the  greater 
part  of  the  urinary  nitrogen  eliminated  during  the  early  hours  after 
meat  ingestion  consists  in  urea  -f-  NH|  nitrogen  which  is  indicative 
of  protein  metabolism  and  not  the  elimination  of  nitrogen  derived 
from  the  extractives. 

In  relation  to  the  intermediary  metabolism  of  protein  it  may  be 
recalled  that  Reilly,  Nolan  and  Lusk^  found  that  after  giving 
meat  to  phlorhizinized  dogs  the  sugar  formed  from  protein  invari- 
ably appeared  in  the  urine  of  the  first  few  hours  in  greater  amount 
than  did  the  nitrogen  of  the  protein  from  which  it  originated. 

"  LUthje :  Congress  fUr  innere  Mediztn,  1906,  p.  44. 

"  Murlin:  Amer.  Joum.  of  Physiol. ,  xxii,  p.  250, 1907. 

1*  Wolf:  Biochem.  Zeitschr.,  xl,  p.  193,  1912;  xU,  p.  111. 

'®  Folin  and  Denis:  this  Journal,  xi,  p.  87,  1912. 

*'  Rubner:  Die  Geseize  des  Energieverhrauchs,  1902,  p.  3S8. 

»  Wolf:  foe.  ct7. 

«•  Reilly,  Nolan  and  Lusk:  Amer,  Joum.  of  Physiol.,  i,  p.  395, 1898. 

Digitized  byVjOOQlC 


H.  B.  Williams,  J.  A.  Riche  and  G.  Lusk       363 

Notwithstanding  these  complicated  factors,  the  use  of  the  ordi- 
nary methods  of  calculation  sufficed  to  bring  the  average  results 
for  twenty-one  hours  so  that  the  heat  measured  by  the  calorimeter 
was  only  2.7  per  cent  less  than  that  obtained  by  the  indirect  calcu- 
lation. 

The  results  would  have  agreed  still  closer,  within  2  per  cent, 
had  it  been  possible  to  obtain  agreements  during  the  second  and 
third  hours  after  meat  ingestion  between  the  direct  and  the  indi- 
rect method  of  determining  the  heat  production.  Reference  to 
Table  II  will  show  that  here  the  method  entirely  broke  down. 
Various  explanations  of  this  phenomenon  are  possible.  At  first 
it  seemed  that  perhaps  in  the  early  metabolism  of  protein,  com- 
pounds were  broken  up  which  required  more  oxygen,  yielded  more 
carbonic  acid  and  evolved  less  heat  than  the  protein  molecule  in 
its  entirety  would  have  done.  Also  it  seemed  that  protein  itself 
might  be  oxidized  in  larger  quantity  than  the  nitrogen  eliminated 
during  the  hour  indicated.  While  this  may  in  a  measure  be  true, 
yet  the  respiratory  quotients  of  87  and  84  (see  Table  II)  obtained 
during  this  second  hour  after  meat  ingestion  indicate  the  combus- 
tion of  the  body's  store  of  carbohydrates,  the  respiratory  quotients 
for  the  non-protein  part  of  the  metabolism  being  respectively  99 
and  91.  Were  the  total  heat  production  due  to  protein  metabo- 
lized, the  R.  Q.  would  be  0.80  and  if  the  calories  of  the  protein 
metabolism  exceeded  the  heat  output  of  the  body,  and  sugar  from 
protein  were  retained  by  the  organism,  the  R.  Q.  would  fall  below 
0.80  as  indeed  happens  in  the  third  and  subsequent  hours  after 
meat  ingestion.  Reilly,  Nolan  and  Lusk^  found  after  giving  870 
grams  of  meat  to  a  phlorhizinized  dog  weighing  35  kgms.  that  2.69 
grams  of  "extra  sugar''  (sugar  not  attributable  to  the  nitrogen  of 
the  period)  were  eliminated  during  the  first  two  hours  after  the 
meal.  This  ''extra  sugar"  corresponds  to  an  amount  of  protein 
metabolism  represented  by  0.8  gram  of  nitrogen.  If  in  the  dog 
used  in  the  present  experiment  the  conditions  of  protein  metabo- 
lism were  the  same  as  in  the  diabetic  dog,  there  would  have  been  a 
retention  of  0.8  gram  of  nitrogen  from  metabolized  protein  within 
the  organism  during  the  first  two  hours.  If  the  retention  were 
equally  divided  between  the  two  hours,  then  the  protein  metab- 

**  Reilly,  Nolan  and  Lusk:  loc.  cit. 
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olism  of  the  second  hour  would  be  represented  by  an  elimination 
of  1.29  grams  N  instead  of  0.89  gram  actually  eliminated. 

The  possibility  of  this  picture  being  representative  of  what 
occurs  is  not  denied,  but  there  are  reasons  for  believing  that  it  may 
be  an  exaggerated  picture.  In  the  first  place,  the  high  respira- 
tory quotient  which  is  found  only  in  the  second  hour  does  not  sup- 
port it.  In  the  second  place,  the  metabolism  of  ingested  protein 
in  diabetes  may  be  much  more  rapid  than  in  health.  Thus,  the 
retention  of  amino-acids  in  the  organism  noted  by  Ltithje  and  Mur- 
lin  was  effected  when  much  carbohydrate  was  given  in  the  food 
but  Ringer  and  Lusk^  noted  no  such  retention  when  the  amino- 
acids  were  given  in  phlorhisin  glycosuria. 

The  validity  of  the  method  of  computation  used,  as  well  as 
the  significance  of  the  respiratory  quotients  as  a  means  of  interpre- 
tation, is  indicated  by  comparing  the  results  obtained  during  the 
second  hour  and  during  the  fourteenth  hour.  In  both  hours,  the 
carbonic  acid  elimination  and  the  oxygen  intake  were  nearly  the 
same,  whereas  the  nitrogen  elimination  in  the  fourteenth  hour  was 
double  that  of  the  second  hour.  This  ia  shown  in  the  following 
table: 


jjmttn  N 

oo« 

Os 

R.Q. 

CALOSm 

Found 

Ckkttlatad 

Second  hour 

Fourteenth  hour 

0.S9 
1.88 

13.13 
12.65 

11.03 
11.34 

0.87 
0.81 

32.86 
36.82 

35.97 
35.86 

It  is  evident  that  recalculation  of  the  second  hour  on  the  basis 
of  the  high  protein  metabolism  of  the  fourteenth  would  not  reveal 
the  three  calories  apparently  lost  during  the  second  hour. 

A  clearer  insight  into  this  problem  resulted  from  suggestions 
made  by  Dr.  Hans  Aron  during  a  visit  to  this  laboratory.  It 
had  been  noted  that  the  great  deficit  in  calories  found  was  coin- 
cident with  a  considerable  rise  of  body  temperature.  The  ques- 
tion was,  whether  this  rise  in  body  temperature  was  evenly  dis- 
tributed throughout  the  animal,  in  which  case  the  temperature  as 
measured  by  the  rectal  thermometer  would  be  a  true  index  to  the 
amount  of  heat  retained  in  the  dog,  or  whether  there  was  an  ud. 

**  Ringer  and  Lusk:  Zeitachr.  f.  phynoL  Ckem.,  (xvi,  p.  106,  1911. 
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equal  heating  of  different  regions  of  the  body  which  was  not  to 
be  determined  by  an  observation  made  in  one  locality  only.  To 
decide  this  question,  four  electrical  resistance  thermometers  were 
placed  in  the  groins  and  axillae  of  the  dog  and  the  rise  in  skin 
temperature  was  compared  with  that  of  the  rectum  when  the 
dog  was  lying  at  complete  rest  in  the  calorimeter.  It  was  found 
that,  whereas  no  variation  between  the  skin  and  rectal  tempera- 
tures occurred  during  fasting,  after  giving  meat  the  temperature 
of  the  skin  rose  far  more  than  that  of  the  rectum,  and  also,  if  car- 
bohydrate were  given,  the  skin  temperature  might  rise  while  the 
rectal  temperature  remained  stationary. 

These  results  are  shown  in  Table  V. 

It  appears  from  this  table  that  the  increase  in  body  temperattve 
following  the  ingestion  of  food  is  not  truly  indicated  by  the  rectal 
thermometer.  After  giving  1200  grams  of  meat,  the  skin  tempera^ 
ture  rose  0.42^  and  0.32^  more  than  the  temperature  in  the  rectum 
rose,  and  after  giving  100  grams  of  dextrose,  the  rectal  tempera^ 
ture  fell  0.02^  while  the  skin  temperature  rose  0.46^,  a  difference 
of0.48^ 

Henriques  and  Hansen^  cite  experiments  showing  the  tempera- 
ture of  a  pig  at  different  levels  under  the  skin.  The  size  of  the 
animal  and  the  outside  temperature  unfortunately  are  not  given. 
The  results  were  as  follows : 

1  cm.  under  the  skin 33.7* 

2  cm.  under  the  skin 34.8* 

3  cm.  under  the  skin 37.0* 

4  cm.  under  the  skin 39.0* 

Rectal  temperature 39.9* 

Also,  it  has  been  known  since  the  experiments  of  Claude  Bernard*' 
that  the  temperature  of  the  liver  increases  after  food  ingestion. 
In  one  instance  in  a  fasting  dog,  the  temperature  of  the  hepatic 
vein  was  found  to  be  38.4^  while  in  another  dog  after  the  ingestion 
of  food,  the  temperature  reached  41.3^  in  the  same  locality.  The 
increased  heat  production  within  the  organism  is  accompanied  by 
a  greater  distribution  of  warm  blood  to  the  surface  of  the  organism 

**  Henriques  and  Hansen:  Skand.  Archivf.  Physiol,,  id,  p.  161,  1900. 
*'  Claude  Bernard:  Lectms  de  phytiologie  opSratoire,  Paris,  1879. 
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TABLE  y. 

CampariBon  of  body  iemptratures  in  the  dog  recorded  by  eUetrical  reeietanee 
thermomeiere  in  the  rectum  and  in  four  places  (both  axiUas  and  both  groine) 
on  the  skin,  the  room  temperature  being  $6^,  The  foods  given  U)ere  ingested 
at  noon. 


TUfPSBATUMBB 

RMtal 

Intnmm 

BoHmm 

!-«-. 

1911 

p.m. 

May  17 

Ordinary  diet 

May  18 

1200  gm.  meat 

12.45 

38.14 

36.61 

1.45 

38.43 

+0.29 

36.89 

+0  27 

2.45 

38.44 

+0.01 

37.34 

+0.45 

+0.30 

+0.72 

May  19 

Fasting 

May  20 

1200  gm.  meat 

12.45 

37.46 

35.74 

1 

1.45 

38.35 

+0.89 

36.86 

+1.12 

1 

2.45 

38.56 

+0.21 

37.06 

+0.22 

3.45 

38.70 

+0.14 

37.31 

+0.23 

+1.24 

+1.57 

May  21 

Ordinary  diet 

May  22 

lOOgm.dextrose 

12.45 

38.06 

37.04 

1.45 

37.99 

-0.09 

37.36 

+0.32 

2.45 

38.06 

+0.07 
-0.02 

37.49 

+0.14 

+0.46 

May  23 

Ordinary  diet 

May  24 

Fasting 

12.45 

38.26 

37.02 

1.45 

38.20 

-0.06 

37.00 

-0.02 

-    --      -  -  •     - 

2.45 

38.02 

-0.18 

36.80 

-0.20 

-0.24 

-0.22 

in  order  to  eliminate  this  heat.  Benedict  and  Emmes,**  however, 
were  not  able  to  obtain  these  results  in  man.  Very  likely  the  sweat 
glands  maintain  the  skin  temperature  of  the  man  at  a  lower  rela- 
tive temperature  than  in  the  dog  under  similar  circumstances. 

*»  Benedict  and  Emmes:  Amer,  Joum,  of  Physiol.,  xxx,  p.  197,  1912. 
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If  one  calculates  the  heat  of  metabolism  retained  in  the  body 
from  the  change  in  the  skin  temperature  instead  of  from  the  change 
in  rectal  temperature,  there  would  be  an  increased  heat  retention 
in  the  organism  of  4.93  calories  (14.7  kgms.  X0.42^X0.8)  or  of  3.78 
calories  (14.7  kgms.  X  0.32^  X  0.8)  during  the  second  and  third  hours 
following  meat  ingestion.  What  fraction  of  this  can  be  employed 
in  recalculations  in  the  dog  obviously  cannot  be  stated.  All  that 
can  be  said  is  that  this 'phenomenon  partly  or  wholly  explains 
why  the  direct  and  indirect  calorimetry  almost  constantly  fail  to 
agree  in  the  dog  immediately  after  the  ingestion  of  food. 

It  is  thus  evident  that  much  of  the  apparent  discrepancy  between 
the  "heat  prodnced**  and  the  '*heat  calctUated"  in  the  dog  during  the 
second  and  third  hours  after  the  ingestion  of  meat  is  due  to  the  con- 
siderable warming  of  the  surface  of  the  body  which  is  much  greater 
than  that  recorded  by  the  rectal  thermometer  and  therefore  does  not  enter 
into  the  computation  of  heat  production. 

Observations  during  the  later  hours  failed  to  reveal  these  calories 
as  given  off  to  the  calorimeter.  This  can  probably  be  explained 
by  the  fact  that  the  dog  remained  in  a  well-lighted,  moderately 
cool  room  until  the  specified  time  for  the  preliminary  period  within 
the  calorimeter  and  therefore  could  lose  calories  from  his  skin  more 
readily  than  he  could  resting  quietly  in  the  chamber  of  the  appara- 
tus at  a  temperatiu'e  of  26^  to  27^.  It  is  to  be  believed  that  if  the 
animal  could  have  remained  in  the  calorimeter  for  twenty-two 
hours,  the  whole  of  the  heat  would  have  been  recovered. 

The  dogs  were  placed  in  the  calorimeter  immediately  after 
catheterization,  the  experiment  began  f6rty-five  minutes  or  one 
hour  after  catheterization,  and  lasted  three  or  four  hours.  Longer 
periods  could  not  be  attempted  on  account  of  the  collection  of 
urine  and  the  restlessness  of  the  dog. 

a.  The  retention  of  protein  carbon  in  the  form  of  dextrose. 

To  the  many  recorded  proofs  of  the  origin  of  sugar  from  protein, 
first  demonstrated  by  Claude  Bernard,  has  finally  been  added  that 
of  Pfluger,'*  who  has  shown  that  if  a  fasting  dog  be  given  phlorhizin 
and  twenty-four  hours  thereafter  be  killed,  the  liver  contains  but 
0.1  per  cent  of  glycogen,  whereas  if  the  dog  in  this  conditioD  be 

*•  PflOger  and  Junkeredorf :  PflUger'a  Archiv,  cxxxi,  p.  201,  1910. 
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given  codfish  in  large  quantity,  the  glycogen  content  of  the  liver 
may  rise  to  10  per  cent  in  a  few  hours. 

Schenrer '®  gave  between  900  and  1500  grams  of  meat  to  a  dog 
and  determined  the  metabolism  by  the  Zuntz  method  between 
three  and  four  hours  after  meat  ingestion.  He  concluded  from 
the  respiratory  quotient  that  carbon  was  retained  from  protein  in 
the  form  of  carbohydrate. 

In  the  work  on  Dog  I  new  confirmation  of  the  conversion  of  a 
portion  of  the  protein  molecule  into  dextrose  is  afforded  in  the  oxy- 
gen absorption  during  the  various  periods  after  the  ingestion  of 
meat.  The  facts  are  set  forth  in  the  last  two  columns  of  Table 
II,  in  Table  III  and  especially  in  Table  VI. 

TABLB  VI. 

Table  contrasting  the  actual  oxygen  intake  with  that  required  by  theory  if  the 
carbon  retention  had  been  in  the  form  of  glycogen  or  of  fat.  Calculation 
according  to  coneeeutive  periods  run. 


CALOSm 

C 

0> 

J^ 

BSTAINBD 
(OALC.AS 

Oi 

ACTUAL 

(Cu- 

TAIHBD  AS 

{Cn- 

TAWSD  AS 

Found 

Calculated 

DMXTBO&m) 

DBXXKOaB) 

FAT) 

pan. 

1.45-2.45 

3S.92 

41.70 

0.10 

13.63 

12.99 

12.95 

2.45-3.45 

40.40 

41.29 

1.93 

13.29 

12.56 

11.73 

3.45-  6.45 

121.91 

124.82 

7.86 

43.25* 

40.61 

37.23 

6.45-9.45 

122.11 

122.86 

7.86 

40.35 

40.01 

36.63 

9.45-12.45 

106.70 

111.67 

7.50 

35.47 

36.41 

33.19 

12.45-  1.45 

35.86 

36.82 

3.42 

11.34 

12.13 

10.66 

1.45-2.45 

27.71 

29.32 

2.75 

9.31 

9.65 

8.47 

2.45-4.45 

64.24 

62.36 

3.06 

19.56 

20.19 

18.87 

557.85 

570.84 

34.50 

186.20 

184.55 

169.73 

Dif.  =  2.3  per  cent 

Dif.  -  0. 

d  per  cent 

Dif. -10% 

di.5  grams  dextrose  :  28.3  grams  N  ::  1.2  : 1 
*  Small  leak  in  the  apparatas  during  thla  period,  determined  the  day  foUovlng  to  amount 
to  about  1  mm  Os  per  hour. 


The  respiratory  quotients  (see  Tables  III  and  Chart  I)  fall  dur- 
ing the  hours  of  carbon  retention  to  below  that  of  protein  itself 
(which  is  0.80)  because  the  unoxidized  carbohydrate  is  retained 


»•  Scheurer :  Pfliiger's  Archiv,  ex,  p.  227, 1905. 
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in  the  organism  as  glycogen.  If  the  carbon  were  retained  in  the 
organism  as  fat,  the  respiratory  quotient  would  rise.  If  one  con- 
siders the  period  between  the  hours  of  6.45  to  9.45  p.m.,  one 
obtains  the  following  picture  of  what  occurs. 

Calories  found  -  122.11;  calories  calculated  »  122.86.  C  retained,  cal- 
culated as  dextrose  «  7.86  grams.  Oxygen  absorbed  >-  40.35  grams  (R.Q. 
B  0.77).  Oxygen,  calculated  on  the  basis  of  the  nitrogen  elimination  and 
the  assumption  that  the  protein  carbon  retained  in  the  body  was  in  the  form 
of  dextrose,  B  40.01  grams  (R.Q.  *  0.77).  Assuming  that  the  carbon  was 
retained  in  the  form  of  fat,  oxygen  calculated  »  36.63  grams  (R.Q.  »  0.85). 

It  is  obvious  from  these  figured  that  the  oxygen  absarptum  proves 
the  retention  of  carbon  in  the  form  of  dextrose  or  glycogen  in  the  organ-- 
ism.  During  the  fourteen  hours  of  carbon  retention  following  the 
ingestion  of  1200  grams  of  meat,  the  actual  oxygen  absorption 
was  186.2  grams  against  a  value  of  184.5,  calcuFated  on  the  assump- 
tion that  carbon  was  stored  as  glycogen  or  a  difference  of  0.9  per 
cent.  If  the  carbon  had  been  retained  as  fat,  169.7  grams  of  oxy- 
gen would  have  been  required  or  10  per  cent  less. 

During  these  fourteen  hours  34.5  grams  of  dextrose  were  stored 
as  glycogen  in  the  organism  and  28.3  grams  of  N  were  eliminated 
in  the  urine.  This  3rields  a  D:  N  ratio  of  1.2: 1.  Since  3.6  is  the 
maximum  3rield  of  dextrose  per  gram  of  N  in  diabetic  urine,  it  is 
evident  that  one-third  of  the  dextrose  derivable  from  protein  in 
metabolism  was  retained  in  the  organism  and  deposited  in  the  liver 
and  other  glycogen  reservoirs.  This  represents  20  per  cent  of  the 
total  energy  contained  in  the  protein  metabolizod. 

The  production  of  dextrose  from  protein  is  not  an  emergency 
process  as  some  writers  maintain,  but  it  is  a  normal  function. 

b.    The  so^alied  "Specific  Dynamic, Adion.^^ 

The  nitrogen  in  the  urine  after  the  ingestion  of  1200  grams  of 
meat  rapidly  rises  to  a  maximum  which  is  reached  about  the 
fourth  hour  and  then  maintains  a  nearly  even  level  of  elimination 
during  a  period  of  about  ten  hours,  after  which  it  slowly  falls. 
This  is  shown  graphically  in  Chart  I  which  has  been  prepared 
from  the  data  given  in  Table  III. 

The  heat  production  is  essentially  proportional  to  the  nitrogen 
elimination  in  the  urine.    The  maximum  specific  d3mamic  action 
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appears  to  occur  in  the  second  and  third  hours.  The  intensity 
of  the  specific  djrnamic  action  is  obtained  by  subtracting  the  heat 
of  the  protein  metabolised  during  the  period  before  meat  ingestion 
from  that  of  the  hours  thereafter  and  calculating  what  relation 
these  extra  calories  of  protein  metabolism  bear  to  the  total  increase 
in  heat  production  for  the  hour. 


89  R.Q. 
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ChABT  1  BBOWINQ  THB  R.Q.,  THE  TOTAL  MBTABOLIBM  DETBRIUNXD  BT 
INDIRECT  (hBAVT  BLACK  LINE)  AND  DIRECT  (BROKEN  LINE)  CALORIMETRT 
AS  WELL  AB  THB  NITBOOEN  ELIMINATION  (DOTTED  LINE)  DURING  HOT7RLT 
PERIODS  AFTER  THE  INGESTION  OF  1200  GRAMS  OF  MEAT. 

For  the  whole  period  the  average  increase  in  metabolism  for 
every  100  calories  of  extra  protein  oxidized  is  45  calories.  (If 
the  basal  metabolism  be  assumed  to  be  26  calories  instead  of  23.3 
then  the  specific  d3mamic  action  of  100  calories  of  protein  is  repre- 
sented by  38  additional  calories  of  heat  production.) 
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If  the  figures  obtained  were  calculated  after  the  f ashioD  of  Rub- 
ner,  the  results  for  the  whole  period  would  be  similar  to  those 
obtained  by  him.  That  is,  the  ingestion  of  meat  containing  900 
calories  in  protein  caused  an  increase  in  metabolism  of  270  calories 
during  a  period  of  twenty  hours,  or  the  ingestion  of  100  calories 
caused  an  increase  of  30  calories  in  heat  production. 

The  specific  d3rnamic  action  of  protein  during  the  second  and 
third  hours  after  meat  ingestion  is  greater  than  it  is  during  the 
other  periods.  During  the  second  hour  it  is  represented  by  90, 
and  during  the  third  hour  by  60.  That  is  to  say,  the  heat  produc- 
tion rises  almost  to  its  maximum  during  the  second  hour  even 
though  the  increase  in  protein  metabolism  as  indicated  by  the 
nitrogen  elimination  has  reached  only  a  third  its  height.  Various 
explanations  occur.  It  might  be  due  to ''  Darmarbeit"  in  the  sense 
of  Zuntz,  but  this  is  improbable  because  the  same  high  metabolism 
is  maintained  in  the  fourteenth  hour  after  taking  food  when  three- 
quarters  of  the  nitrogen  of  the  ingested  protein  has  been  elimi- 
nated in  the  urine  and  the  work  of  the  intestinal  canal  must  be 
largely  completed.  It  might  be  due  to  the  fact  already  discussed 
of  a  lag  in  the  nitrogen  excretion,  which  is  contradicted  by  the 
respiratory  quotients  obtained. 

That  the  factor  of  "Darmarbeit"  is  not  important  is  shown  by 
the  work  of  Benedict  and  Emmes*^  who  have  demonstrated  that 
cathartics  and  agar  agar  given  to  man  have  no  effect  on  metabolism. 

There  are  three  conceivable  explanations  of  the  increased  heat 
production  caused  by  meat  ingestion. 

1 .  The  large  quantity  of  varying  amino-acids  entering  the  organ- 
ism furnish  multifarious  compounds  readily  oxidizable  by  the 
cells  in  the  sense  of  Voit. 

2.  They  furnish  compounds,  some  of  which  are  used  for  cell 
dynamics,  while  others  yield  free  heat  to  the  body  in  the  sense  of 
Rubner. 

3.  They  are  at  first  retained  unoxidized  in  the  organism  as  shown 
by  Liithje,  Murlin,  Wolf  and  Folin,  and  in  combination  or  ih 
contact  with  the  protoplasm  of  the  celb  act  as  stimuli  to  increased 
oxidation. 

On  this  last  hypothesis,  after  giving  meat,  the  resulting  inrush 
of  amino-acids  would  bring  about  a  direct  stimulus  to  the  cells, 
causing  an  increased  heat  production.    This  would  explain  the 

»*  Benedict  and  Emmes:  Amer.  Joum,  of  Physiol.,  xxx,  p.  197,  1912.joqIc 
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greatly  augmented  metabolism  of  the  second  hour  after  food  inges- 
tion in  the  absence  of  any  indication  of  a  correspondingly  increased 
protein  metabolism. 

JB.     The  remlU  oftheingedum  of  700  grams  of  meat  in  Dog  I. 

The  details  of  these  experiments  are  presented  in  Table  VII 
and  the  essential  points  are  given  in  Table  VIII.  The  urinary 
analyses  are  to  be  found  in  the  Appendix,  Table  XI. 

The  direct  and  indirect  calorimetry  agree  within  0.7  per  cent 
during  a  period  of  seven  hours. 

During  the  second  hour  the  discrepancy  between  the  heat  pro- 
duced and  the  heat  calculated  is  not  aJwajrs  as  great  as  after  giving 
1200  grams  of  meat.  The  specific  dynamic  action  of  the  meat 
reaches  139,  106  and  69  in  the  second,  third  and  fourth  hours, 
respectively.  VITith  a  non-protein  respiratory  quotient  of  0.90 
and  a  specific  dynamic  action  equal  to  139  in  the  second  hour  after 
giving  700  grams  of  meat,  it  seems  certain  that  the  great  rise  in 
metabolism  which  takes  place  before  there  is  any  very  great  nitro- 
gen elimination  in  the  urine,  is  reaUy  due  to  a  direct  stimulation  of 
the  cells  by  the  entering  amino-acids. 

It  appears  that,  whereas  1200  grams  of  meat  causes  an  increase 
in  metabolism  from  22  calories  per  hour  to  40  calories,  an  increase 
of  18  calories  or  82  per  cent,  700  grains  of  meat  causes  an  increase 
from  22  to  32  calories,  an  increase  of  10  or  45  per  cent.  Since 
these  figures  are  nearly  proportional  (700:1200::10:17)  it  follows 
that  the  increase  in  heat  production  after  giving  these  quantities 
of  meat  is  proportional  to  the  quantity  of  meat  ingested. 

That  the  intensity  of  the  heat  production  (excluding  the  first  few 
hours)  is  very  nearly  proportioned  to  the  nitrogen  elimination  in  the 
urine  appears  from  the  following  comparison: 


Houn 
Aft«rFood 

N  In  Urine 

Galoriei 

Houn 
Aft«rFood 

NlnUrtne 

Cslortaa 

15 

16 

1.50 
1.50 

29.32 
30.65 

6 
7 

1.55 
1.54 

32.51 
32.07 

In  the  one  case,  at  the  end  of  the  sixteenth  hour,  10  grams  out  of 
36  grams  of  nitrogen  ingested  had  not  been  eliminated  in  the  urine, 
in  the  other  case,  13.8  grams  out  of  21  ingested  had  not  been  elimi- 
nated after  seven  hours. 
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Metabolism  after  Meat  Ingestion 


The  intensity  of  the  metabolism  must  be  due  either  to  the  intensity 
of  the  intermediary  processes  of  protein  metabolism  itself  ar^  more 
probably  f  to  the  degree  of  mass  action  of  amino-acids  acting  as  Mmidi 
upon  the  ceUidar  protoplasm.*^ 

C.    The  results  of  Ihe  ingestion  of  1000  grams  of  meal  in  Dog  II. 

Table  IX  presents  the  results  of  the  ingestion  of  meat  compared 
with  the  early  morning  minimum.  When  1000  grams  of  meat  were 
given,  500  grams  having  been  ingested  the  day  before,  the  metabo- 
lism rose  at  once  from  the  basal  level  of  16.2  to  29.6  calories,  an 
increase  of  13.4  calories  or  83  per  cent.  This  increase  of  83  per 
cent  exactly  corresponds  to  that  in  Dog  I  after  giving  1200  grams 
of  meat.  However,  the  nitrogen  in  the  urine  was  not  eliminated  as 
freely  as  in  Dog  I.  That  the  upper  limit  of  absorption  in  Dog  II 
was  reached  after  administering  1000  grams  of  meat  was  evi- 
denced by  occasional  partial  vomiting  of  the  food,  which  was,  how- 
ever, afterwards  eaten.  The  dog  was  not  absolutely  quiet  in  this 
experiment,  making  a  single  movement  (perhaps  raising  the  head?) 
every  two  to  four  minutes.  Attention  need  only  be  called  to  the 
usual  discrepancy  between  calories  found  and  calories  calculated 
during  the  second  and  third  hours  following  food  ingestion. 

The  character  of  the  hourly  nitrogen  metabolism  in  this  dog 
after  giving  meat  has  already  been  indicated  in  Table  IV  and  to 
that  the  following  data  may  be  added. 

TABLE  X. 


DATS 

TIKB 

TOTAL  N 

TOTAL N 
PBR  ROUB 

FOOD 

1912 

9fum» 

yramf 

Mayl 

12.(XM.06 

3.348 

0.810 

1000  grains  meat  at  noon. 

5.00-6.00 

1.235 

1.235 

May  2 

500  grams  meat  at  noon. 

Mays 

12.00-1.00 
1.00-2.00 
2.00^.00 

0.376 
0.716 
0.895 

1000  grams  meat  at  noon. 

3.0O-7.08 

5.040 

1.218 

**  This  paper  was  completed  before  the  publication  of  Foiin  and  DeniB 
(this  Journal^  xii,  p.  141,  1912)  in  which  was  stated,  "If  such  is  the  case, 
each  tissue  maintains  a  certain  supply  of  each  amino-acid,  and  the  urea 
formation  from  any  particular  amino-acid,  depends,  so  to  speak,  on  the 
'partial  pressure'  of  that  particular  acid."  r-^  t 
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IV.      SUMMABT. 

1.  A  dog  weighing  13.5  kgms.,  the  heat  production  of  which  was 
22.3  calories  during  an  hour  previous  to  food  ingestion,  was  given 
1200  grams  of  meat  at  noon.  The  heat  production  rose  to  36  calo- 
ries in  the  second  hour  and  42  in  the  third.  It  was  maintained 
above  40  calories  per  hour  through  the  tenth  hour.  In  the  four- 
teenth hour,  it  had  fallen  to  37  calories  and  then  remained  at  30 
calories  up  to  the  eighteenth  hour,  falling  rapidly  to  25  calories  in 
the  twenty-first  hour. 

2.  Ingestion  of  700  grams  of  meat  by  the  same  dog  caused  an 
increase  in  metabolism  which  was  less  than  that  caused  by  1200 
grams,  but  in  the  two  cases  the  increase  was  proportionate  to  the 
quantity  ingested. 

3.  The  increased  metabolism  was  proportional  to  the  nitrogen 
elimination,  except  in  the  second  and  third  hours.  In  the  second 
hour  the  metabolism  rose  almost  to  its  maximum  although  the 
urinary  nitrogen  reached  only  a  third  of  its  maximum.  Since  the 
non-protein  respiratory  quotient  for  this  period  was  often  above 
90,  it  appears  that  carbohydrate  and  not  additional  protein  was 
oxidized  during  this  hour.  On  this  is  based  the  argimient  that  the 
incoming  amino-acids,  in  proportion  to  their  mass  action,  stimulate 
the  protoplasm  to  higher  oxidation. 

4.  After  giving  1200  grams  of  meat  the  hourly  heat  production  as 
directly  measured  by  the  calorimeter  essentially  corresponded  to 
that  as  calculated  indirectly  from  the  urinary  nitrogen,  the  car- 
bonic acid  output  and  oxygen  intake,  except  in  the  cases  of  the 
second  and  third  houts. 

5.  The  reason  that  the  calculated  heat  production  does  not 
always  agree  with  that  actually  found  during  the  second  and  third 
hours  is  largely  due  to  the  fact  that  the  rectal  temperature  of  the 
dog  does  not  give  a  measure  of  the  temperature  increase  of  the 
whole  dog.  This  was  shown  by  the  fact  that  the  skin  temperature 
rises  to  a  greater  extent  than  the  rectal  temperature  after  the  inges- 
tion of  food. 

6.  During  fourteen  hours  after  giving  1200  grams  of  meat,  car- 
bon derived  from  protein  metabolism  was  retained  in  the  organism. 
This  carbon  was  retained  as  dextrose  because  calculations  based  on 
this  assumption  showed  that  the  actual  quantity  of  oxygen  ab- 
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sorbed  agreed  within  0.9  per  cent  of  that  required,  whereas,  if 
carbon  had  been  retained  in  the  form  of  fat,  10  per  cent  less  oxygen 
would  have  been  required.  The  dextrose  retained  in  relation  to 
nitrogen  eliminated  manifested  the  relation,  D:N  —  1.2:1. 

7.  After  giving  1200  grams  of  meat  it  may  be  calculated  for 
the  whole  period  that  for  every  100  calories  of  protein  oxidized 
above  that  oxidized  during  the  morning  hour  before  food  ingestion, 
there  may  be  an  additional  heat  production  in  the  animal  amount- 
ing to  45  calories. 

8.  Intestinal  work  (Darmarbeit)  appears  to  have  little  to  do 
with  the  increased  heat  production  because  a  high  metabolism  is 
maintained  in  the  fourteenth  hour  after  food  ingestion  even  though 
three-quarters  of  the  nitrogen  of  the  protein  administered  has  be^n 
eliminated  in  the  urine  and  the  work  of  the  intestinal  canal  must 
have  been  largely  completed. 

APPENDIX. 

Showing  urinary  analyses.  "Residual"  N  is  the  estimated 
quantity  for  a  fraction  of  an  hour. 


Digitized  byVjOOQlC 


t 

•J 


€1C 

ced 
ted 
les: 
ind 
leic 
her 
Dn- 
on 
ab- 
ar- 
no 
le). 
ted 
^ay 
;le. 


IXO- 

pts 
leic 
ion 
5id. 
in 
les. 


Digitized  byVjOOQlC 


37 

801 

ca 
wc 

nil 

th< 
ab 
th( 
ini 

wi 
mi 
thi 
eli: 
ha 


qu 


Digitized  byVjOOQlC 


§ 


83 


S 


S 


F 


s 

^s-§ 

« 

*^  •    s 

ra 

& 

ci 


s 


9 


S 


leic 
ked 
ited 
aes: 
and 
jleic 
>her 
/on- 
)  on 
5ub- 
ear- 
no 
de). 
ited 
way 
icle- 
mo- 


■I  '^-ii  i 

jl  2  i  1 1 1 


ino- 
ipts 
3leic 
sion 
icid. 
d  in 
nes. 


Digitized  byVjOOQlC 


35 

so; 
ca 

W( 

nil 

th< 
ab 
thi 
ini 

wi 
in£ 
th] 
eli 


qu 


Digitized  byVjOOQlC 


GUANINEHEXOSIDE  OBTAINED  ON  HYDROLYSIS  OF 
THYMUS  NUCLEIC  ACID. 

By  p.  a.  LEVENE  and  W.  A.  JACOBS. 
(From  the  Rockefeller  Ineittutefor  Medical  Research,  New  York,) 

(Received  for  publication,  July  19,  1912.) 

It  has  been  established  by  the  writers  that  in  the  plant  nucleic 
acids,  in  the  guanylic  acid  and  in  inosinic  acid  the  purine  is  linked 
to  the  sugar  in  a  glycosidic  union.  The  direct  proof  was  presented 
by  the  isolation  of  the  pentosides  corresponding  to  the  purines: 
adenosine,  guanosine,  hypoxanthosine  (inosine),  uridine  and 
cytidine.  The  assumption  was  made  that  in  the  thymo-nucleic 
acid  the  purine  bases  had  the  same  mode  of  linking  as  in  the  other 
acids.  Direct  proof,  however,  was  missing.  Schittenhelm,  Lon- 
don and  Wiener*  have  thought  that  they  obtained  guanosin,e  on 
digestion  of  thymo-nucleic  acid  by  intestinal  juice.  The  sub- 
stance isolated  by  them  gave  the  orcin  test  and  had  the  appear- 
ance of  guanosine.  However,  thymo-nucleic  acid  contains  no 
pentose  and  therefore  cannot  yield  guanosine  (guanine  riboside). 
Undoubtedly  the  nucleic  acid  employed  by  them  was  contaminated 
with  guanylic  acid.  This  consideration  does  not  vitiate  in  any  way 
the  conclusion  of  those  writers  concerning  the  mechanism  of  nucle- 
olysis,  but  leaves  the  problem  of  the  structure  of  the  thymo- 
nucleic  acid  where  it  was  previous  to  their  publication. 

Following  the  discovery  of  the  nucleosides  contained  in  the  ino- 
sinic, guanylic  and  nucleic  acids  of  plant  origin,  repeated  attempts 
were  made  to  obtain  the  nucleosides  composing  the  thymus  nucleic 
acid.  All  methods  employed  successfully  on  the  other  occasion 
led  to  no  results  in  the  experiments  with  thymus  nucleic  acid. 
Also  a  great  many  modifications  of  the  old  methods  resulted  in 
complete  failure.    Hence  it  was  concluded  to  resort  to  enzymes. 


*  ZeiUchr,/,  phyaioL  Chem.,  Ixvii,  p.  459. 
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37^    Guaninehexoside  from  Thymus  Nucleic  Acid 

After  considerable  search,  an  enzyme  was  selected  which  permittfd 
the  isolation  of  one  of  the  nucleosides  entering  into  the  structure 
of  the  molecule  of  the  complex  nucleic  acid  of  animal  origin.  The 
substance  obtained  is  g^uaninehexoside.  It  was  semicrystalline, 
soluble  in  hot  alcohol  and  separated  from  this  solution  on  cooling. 
The  substance  has  the  composition  CnHuNsOa.  It  did  not  reduce 
Fehling's  solution  and  with  silver  nitrate  formed  a  precipitate 
only  when  the  solution  was  neutral.  The  silver  compound  imme- 
diately dissolved  in  a  minimal  excess  of  ammonia  water.  It  did 
not  give  the  orcin  test  on  direct  boiling  with  hydrochloric  acid 
but  gave  the  tSst  with  hydrochloric  acid  containing  some  copper. 
After  hydrolysis  the  substance,  on  boiling  with  Fehling's  solution, 
formed  a  voluminous  white  precipitate  of  cuprous  guanine  com- 
pound. From  the  products  of  hydrolysis  were  obtained  an  osazone 
melting  at  198^0.  and  guanine  sulphate. 

EXPERIMENTAL  PART. 

The  reaction  mixtiu-e  of  nucleic  acid  and  enz3rme  was  made 
alkaline  with  ammonia  and  to  the  mixture  98  per  cent  alcohol  was 
added  as  long  as  a  precipitate  formed.  This  was  removed  by 
filtration,  and  the  mother  liquor  concentrated  to  dryness  under 
diminished  pressure.  This  was  again  dissolved  in  water,  the  solu- 
tion rendered  alkaline  with  an  excess  of  ammonia  and  the  treat- 
ment with  alcohol  repeated.  The  final  filtrate  was  again  concen- 
trated to  dryness  under  diminished  pressure.  The  residue  was 
taken  up  in  water  and  the  nucleotides  still  present  in  the  solution 
removed  by  means  of  a  solution  of  basic  lead  acetate.  The  pre- 
cipitate thus  formed  was  removed  by  filtration  and  to  the  filtrate 
anmionia  and  more  lead  acetate  solution  added  as  long  as  a  pre- 
cipitate formed.  The  last  precipitate  was  filtered  and  washed 
carefully  with  cold  water.  It  was  finally  suspended  in  water  and 
decomposed  by  means  of  hydrogen  sulphide.  The  filtrate  from 
lead  sulphide  was  rendered  slightly  alkaline  by  means  of  ammonia 
and  evaporated  under  diminished  pressure  to  a  thick  syrup.  (It 
is  very  important  not  to  omit  this  step,  since  the  purine  hexosides 
are  easily  decomposed  even  by  acetic  acid.)  On  cooling,  the  syrup 
is  transformed  into  a  gelatinous  mass  resembling  crude  guanosine. 
The  substance  was  then  filtered  on  a  suction  flask  over  silk  and 
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then  dissolved  in  hot  alcohol,  filtered  and  allowed  to  cool.    A 
sediment  was  formed  on  cooling,  composed  of  rosettes  resembling 
impure  leucine. 
The  analysis  of  this  substance  gave  the  following  data: 

0.1120  gram  of  the  substance  gave  0.1746  gram  of  COt  and  0.0638  gram 
of  HiO. 

0.1500  gram  of  the  substance  employed  for  a  Kjeldahl  nitrogen  estima- 
tion required  for  neutralisation  23.5  cc.  of  tV  sulphuric  acid. 

CakuUtod  for  Found* 

C 42.20  42.50 

H 4.84  5.34 

N 22.30  21  .W 

For  hydrol3rsis  about  0.200  gram  of  the  substance  was  dissolved 
in  2  per  cent  sulphuric  acid  and  heated  on  a  water  bath  with  return 
condenser  for  half  an  hour.  The  base  was  removed  with  silver 
oxide.  Silver  purine  was  filtered  and  decomposed  with  hydro- 
chloric acid.  The  filtrate  from  the  silver  chloride  was  allowed  to 
stand  in  the  refrigerator  and  a  sediment  of  guanine  hydrochloride 
formed.  The  hydrochloride  was  transformed  into  the  free  base 
by  means  of  ammonia  and  this  again  transformed  into  the  sulphate. 

The  filtrate  from  the  silver  purine  was  freed  from  silver  and 
the  free  sulphuric  acid  neutrdized  with  sodium  acetate.  The 
clear  solution  served  for  the  preparation  of  the  phenylosazone. 
For  purification  it  was  recrystfdlized  out  of  water  containing  very 
little  pyridine.    The  osazone  had  the  melting  point  of  198^0. 
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ON  CBREBRONIC  ACID. 

By  p.  a.  LEVENB  and  W.  A.  JACX)BS. 

(Frwn  ih€  Rockefeller  InetttuU  for  Medical  Reeearch,  New  York.) 

(Reoeived  for  publication,  July  19,  1912.) 

Cerebronic  acid  was  first  discovered  by  Thudichum,^  who  errone- 
ously considered  it  an  isomer  of  stearic  acid  and  named  it  neuro- 
stearic  acid.  It  was  the  merit  of  Thierfelder  to  correct  the  view 
of  the  first  discoverer  and  to  demonstrate  that  the  substance  was 
an  oxyacid  of  the  composition  CnHfoO^  and  not  CitHnO^.  In 
justice  to  Thudichum  it  must  be  stated  that  his  anal3rtical  data 
agreed  sufficiently  with  the  figures  required  by  the  new  formula 
for  the  substance.  There  is,  however,  a  considerable  disagreement 
in  the  data  of  the  two  observers  in  regard  to  the  melting  point 
of  their  substances,  Thudichum  recording  the  melting  point  at  84- 
SS^'C.  and  Thierfelder*  at  98-99''.  On  the  basis  of  this  there  was 
still  open  the  possibility  that  the  two  substances  had  a  different 
structure.  Hence  it  was  urgent  to  establish  the  relationship  of 
the  two  substances. 

Concerning  the  structure  of  cerebronic  acid,  it  was  established 
by  Thierfelder  that  it  contained  one  hydroxyl  group;  and  it  was 
also  made  very  probable  by  him  that  the  molecule  contained 
twenty-five  carbon  atoms.  It  is  well  known  that  the  percentage 
composition  of  carbon  and  hydrogen  in  the  higher  fatty  acids 
does  not  furnish  sufficient  information  regarding  the  number  of 
carbon  atoms  in  the  molecule.  With  a  greater  degree  of  proba- 
bility this  can  be  established  on  the  basis  of  the  "acid  value" 
of  the  substance. 

Regarding  the  place  of  the  hydroxyl  group  and  regarding  the 
character  of  the  linking  between  the  carbon  atoms  the  work  of 

^  Thudichum:  Die  ehemieehe  KonelittUion  dee  Oehirne,  Ttlbingen,  1901, 
pp.  194, 196. 

« ZeiUchr.  f.  phyeiol.  Chem..  xliU,  p.  21,  1904.  ^^^^^^^^^  ^y  GoOglc 
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Thierfelder  offered  no  information.    The  work  of  this  author  also 

failed  to  take  cognizance  of  the  optical  activity  of  the  substance. 

The  results  of  the  present  investigation  led  to  the  conclusion 

that  cerebronic  acid  is  the  normal  a-hydroxypentacosanic  acid. 

In  the  hydrolysis  mixture  it  occurs  in  the  form  of  two  isomers: 

so* 
the  optically  active  dextrorotatory  form  of  [a]^    =  +4.16**  and 

the  optically  inactive  form.  The  active  substance  melts  at  a 
point  somewhat  higher  than  givea  by  Thierfelder,'  being  106- 
108*C.,  the  inactive  at  82-85^C.  Thus,  apparently,  Thudichum 
had  in  his  hand  the  optically  inactive  substance,  while  Thier- 
felder's  was  imdoubtedly  a  mixture  of  the  two.  It  is  possible, 
of  course,  that  a  substance  with  still  higher  rotatory  power  may 
be  obtained. 

The  place  of  the  hydroxyl  group  was  established  by  the  fact 
that  on  oxidation  with  alkaline  permanganate  solution  the  cere- 
bronic acid  gave  rise  to  an  acid  of  the  composition  CMH48Qt. 

The  normal  character  of  the  carbon  chain  was  made  probable 
by  the  transformation  of  cerebronic  acid  into  a  hydrocarbon  that 
melted  between  54-57®C.  According  to  Kraft*  and  Marie*  the 
three  nearest  hydrocarbons  have  the  following  melting  points: 
CmH,o,  SrC;  CnHtt,  53.6*'-54.0^C.;  CuHuy  58^C. 

Thus  it  seems  very  probable  that  the  hydrocarbon  obtained 
from  cerebronic  acid  had  the  composition  CnHu.  This  assump- 
tion is  further  substantiated  by  the  fact  that  the  acid  value  for 
the  pure  cerebronic  acid  corresponded  to  molecular  weight  value 
of  dsHioOs. 

The  optically  active  substance  was  separated  from  the  inactive 
by  fractional  precipitation  with  lithium  acetate. 

EXPERIMENTAL  PART. 

Preparation  of  cerebronic  acid. 

The  acid  was  obtained  from  cerebrine.  Fifty  grams  of  the 
cerebroside  were  taken  up  in  1500  cc.  of  methyl  alcohol  containing 
70  grams  of  sulphuric  acid  to  each  1000  cc.    The  mixture  was 

*  Zeitsehr.  /.  physioL  Chem.,  xliii,  p.  21,  1904. 

«  Ber,  d.  deuUch.  chem,  OeselUch,,  xv,  p.  1711,  1882. 

*  BuU.  de  la  90c,  ckitn.,  xv,  p.  667,  1898. 
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heated  with  return  condenser  in  a  water  bath  for  six  hours  and 
the  separated  acid  and  ester  allowed  to  cool  at  0®C.  They  were 
then  filtered  on  suction  over  silk  and  boiled  with  an  excess  of 
alcoholic  soda  in  a  water  bath  with  return  condenser  for  about 
four  hours.  The  mixture  was  then  again  allowed  to  cool  and  the 
soaps  filtered  off.  These  were  dissolved  in  glacial  acetic  acid 
containing  enough  hydrochloric  acid  to  combine  with  the  base  of 
the  soap.  The  solution  was  then  poured  into  a  large  volimie  of 
distilled  water  from  which  the  free  acid  separated:  It  was  then 
filtered  and  dissolved  in  boiling  alcohol,  from  which  it  separated 
on  cooling. 

Purijicaiion  of  the  crude  cerebronic  acid. 

Several  processes  were  used  for  this  purpose,  but  none  of  them 
can  as  yet  be  recommended  as  final.  Ck>nsiderable  effort  was 
lost  in  an  attempt  to  obtain  an  acid  with  a  very  sharp  melting 
point.  It  was  foimd  that  the  acid  melting  at  a  higher  temperature 
was  less  soluble  in  ether,  petrolic  ether  (boiling  at  60°C.)  and 
ligroin  (boiling  at  SO^C).  The  purification  was  therefore  accom- 
plished by  repeated  recrystalli^ations  of  the  substance  from  one 
of  the  .three  solvents  as  long  as  the  melting  point  was  rising.  The 
final  substance  obtained  in  that  maimer  had  a  melting  point  of 
102^0.,  which,  however,  was  not  very  sharp.  This  substance 
was  further  purified  by  fractionating  it  out  of  a  methyl  alcoholic 
solution  with  an  alcoholic  solution  of  lithiiun  acetate.  In  this 
instance  the  acid  obtained  from  the  top  fraction  had  a  fairly  sharp 
melting  point  at  106-108^0.  The  substance  obtained  from  the 
lower  fraction  had  a  melting  point  of  82-84^0. 

UUimate  analysis  of  the  two  acids. 

Not  less  than  twenty  different  samples  of  different  melting 
points  were  analyzed.  They  all  agreed  well  with  the  theory  and 
here  will  be  given  only  three  of  them,  the  first  melting  at  106- 
108^C.,  the  second  at  QS^'C.  and  the  third  at  82-84*'C. 

(1)  0.1224  gram  of  the  substance  gave  0.3388  gram  COi  and  0.1360  gram  HtO. 

(2)  0.1206  gram  of  the  substance  gave  0.3342  gram  COs  and  0.1356  gram  HsO. 

(3)  0.1194  gram  of  the  substance  gave  0.3202  gram  COt  and  0.1350  gram  HsO. 

CaleuUted  for  Found: 

CmHmOs:  1  3  3 

C 76.33       75.42       75.40       75.60 

H 12.50        12.43        12.65        12.57 
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OpUccd  acHvUy  of  the  acids. 

Since  the  acids  had  the  same  percentage  composition  and  differed 
in  their  melting  points  it  was  natural  to  look  for  the  cause  of  it 
in  possible  stereoisomerism,  since  the  acid  contains  a  hydroxyl 
group  in  the  molecule.  As  was  stated  already,  the  substance 
with  the  highest  melting  point  had  also  the  highest  optical  activity. 

0.2190  gram  of  cerebronic  acid  (MP.  ->  lOe'^C.)  dissolved  in  5.0  cc.  d 
pyridine.  Total' weight  -  5.0126  grams;  showed  a  rotation  of  +  0^*  in 
pure  yellow  light  and  in  a  2  dm.  tube  at  20^C. 

[a]^'-  +4.01M=*=0.00*') 

0.2220  gram  of  the  same  substance  fractionated  once  more  by  means  (tf 
lithium  acetate  was  dissolved  in  5  cc.  of  p3rridine.  Total  weight  »  5.0060 
grams.    Rotated  in  2  dm.  tube  and  in  pure  yellow  light  0.37^  to  the  ri^t. 

30* 

[a]^    -  ^  4.16*  (=*=  O.OD 

0.2667  gram  of  cerebronic  acid  melting  at  92*C.  was  dissolved  in  5  oc. 
of  pyridine.  Total  weight  <«  5.0763  grams.  Rotation  in  2  dm.  tube  in 
pure  yellow  light  =  -f  0.10°. 

r     ,20* 

[a]^    -  4-  0.065*  (*  O.OO*) 

0.2000  gram  of  cerebronic  acid,  melting  at  82-84*0.,  dissolved  in  pyridine. 
Total  weight  =  5.0578  grams.    Proved  inactive. 

Molecular  weight  estimation. 

The  molecular  weight  was  determined  by  titration  with  an  | 
solution  of  sodium  hydrate.  The  acid  was  dissolved  in  a  mixture 
of  benzol  and  pure  methyl  alcohol.  It  is  not  always  an  easy 
matter  to  obtain  the  acid  of  sufficient  purity  for  the  purpose. 
The  easiest  way  of  obtaining  the  substance  is  by  way  of  the  lead 
salt. 

(1)  1.4304  grams  of  the  acid  dissolved  in  benzol  -f  methyl  alcohol 
Titrated  with  ^  alkali.  Phenolphthalein  used  as  indicatdr.  Result  calcu- 
lated to  T^r  value  =  36.00  cc. 

(2)  1.5806  grams  of  cerebronic  acid  treated  in  the  same  manner  as  the 
previous  required  47.25  cc.  of  ti^  alkali. 

(3)  1.3073' grams  cerebronic  acid  treated  as  above  required  32.2  cc.  of 
T^  alkali. 

(4)  2.2440  grams  cerebronic  acid  treated  as  above  required  57.5  cc.  of 
■nr  alkali. 
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(5)  1.5000  grams  oerebronic  acid  required  for  titration  37.8  oo.  of  -nr 
alkaU. 

CftleuUted  for  Found: 

CuHmOs:  1  S  8  4  5 

M.W 308.0       390.0       307.0       406.0       306.8       307.0 


Determination  of  the  place  of  the  hydroxyl  group  in  the  cerebronic  acid. 

This  was  determined  by  oxidation  of  cerebronic  acid  by  an 
alkaline  solution  of  potassium  permanganate.^  Numerous  experi- 
ments were  performed,  the  conditions  of  oxidation  remaining 
unchanged.    They  were  the  following: 

Nine  grams  of  analytically  pure  cerebronic  acid  were  suspended 
in  300  cc.  of  water  containing  3  grams  of  potassium  hydrate  and 
heated  imtil  the  acid  formed  a  gelatinous  soap.  This  was  then 
added  to  a  hot  solution  of  potassium  permanganate,  made  up  of 
1  liter  of  water  and  4.5  grams  of  potassium  permanganate.  The 
heating  was  continued  until  the  color  of  permanganate  changed 
to  a  brownish  tint.  The  boiling  was  then  discontinued  and  the 
mixture  decolorized  by  means  of  sodium  bisulphite.  The  insolu- 
ble soaps  generally  collected  on  the  surface  of  the  fluid. 

The  subsequent  treatment  diflfered  in  individual  experiments. 
In  some  the  soaps  were  immediately  transformed  into  the  free 
acids,  and  this  fractionated  by  means  of  ether  and  of  ligroin.  In 
other  experiments  it  was  attempted  to  first  separate  the  salts 
on  the  basis  of  the  diflferences  of  their  solubility  in  alcohol. 

The  most  convenient  procedure  is  the  following:  Separate  the 
sodium  salts  into  two  fractions,  one  soluble  in  hot  alcohol,  the 
other  insoluble.  The  latter  fraction  consists  principally  of  un- 
changed cerebronic  acid.  The  hot  alcoholic  solution  of  soaps 
is  allowed  to  cool  until  the  soaps  separate  out.  These  are  filtered 
and  converted  into  the  free  acids.  In  this  fraction  the  acid 
Ci4H4802  predominates.  Its  purification  is  based  on  the  property 
of  its  lithium  salt  to  remain  insoluble  in  boiling  methyl  alcohol. 
The  lithium  salt  is  converted  into  the  free  acid.  For  final  purifi- 
cation it  was  transformed  into  the  lead  salt  and  this  again  recon- 
verted into  the  free  acid. 

•Edmed:  Journ,  Chem,  Soc,  Ixxiii,  pp.  627-634,  1808. 
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AnalysU  of  the  acid  Ct4H4iOs. 

(1)  0.1220  gram  of  the  acid  gave  0.3492  gram  CX)t  and  0.1382  gram  HsO. 

(2)  0.1238  gram  of  another  sample  gave  0.3568  gram  COt  and  0.1400  gram 
H,0. 

0.1228  gram  of  the  second  sample  gave  0.3550  gram  CX)s  and  0.1428  gram 
H,0. 

(3)  0.1214  gram  of  a  third  sample  gave  0.3504  gram  COi  and  0.1400  gram 
H,0. 

0.1212  gram  of  the  third  sample  gave  0.3480  gram  COi  and  0.1400  gram 
H,0. 

(4)  0.1212  gram  of  the  substance  gave  0.3470  gram  CX)s  and  0.1446  gram 

H,0. 

Calculate  for  Found: 

CmHmOs:  12  8  4 

C 78.20       78.10        (a)78.45  (a)78.70        78.40 

(b)78.75  (b)78.40 

H 13.16       12.69        (a)12.72  (a)12.91        13.40 

(b)12.99  (b)12.92 

Analysis  of  the  sodium  salt  of  the  new  acid. 

0.1636  gram  of  the  sodium  salt  gave  0.0300  gram  NasSOi;  Na  »  5.94  per 
cent. 

CaleulAted  for 
CMH«rOiNa:      Found: 

Na 5.90  5.94 

Molectdar  toeighi  estimation  of  the  new  acid, 

0.9500  gram  of  the  acid  dissolved  in  benzol  and  methyl  alcohol  and 
titrated  with  ^  alkali;  figures  given  in  -jV  alkali.  Required,  26.5  cc.  of 
17  alkali. 

0.9578  gram  of  the  same  substance  required  for  neutraliiation  25.75 

cc.  of  TT  alkali. 

Calculated  for  Found: 

GmH^Oi:  I  II 

M.W 368.0       375.0       371.0 

Melting  point  of  the  new  acid. 

The  melting  point  of  the  new  acid  was  at  81-82*C.  Of  the  two  known 
acids  having  the  composition  C24H4tOs  one,  lignoceric,  melts  at  80.5^. 
and  the  other,  camaubic,  melts  at  72.5^.  It  is  possible  that  the  substance 
is  identical  with  lignoceric  acid. 

Reduction  of  cerebronic  acid  with  hydroiodic  acid. 

The  object  of  the  first  experiment  under  the  conditions  to  be 
here  described  was  to  reduce  the  hydroxyl  group  and  thus  to 
obtain  an  acid  of  the  composition  CttHjo02.    Unexpectedly  a  sub- 
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stance  was  obtained  containing  considerable  phosphorus,  but  the 
organic  radicle  of  the  substance  possessed  the  composition  of  a 
hydrocarbon.  The  experiments  were  all  repeated  imder  identical 
conditions.  It  is  possible  that  the  yield  might  have  been  improved 
by  following  the  directions  of  Kraft^  for  the  reduction  of  fatty 
acids  to  the  corresponding  hydrocarbons,  but  the  simplicity  of 
this  process  was  very  attractive. 

Lots  of  2  grams  of  the  acid  with  10  cc.  of  hydroiodic  acid,  of 
specific  gravity  1.96,  and  0.5  gram  of  red  phosphorus  were  heated 
in  sealed  tubes  at  126**C.  for  four  hours.  The  tubes  were 
then  opened,  the  hydroiodic  acid  diluted  with  an  equal  volume  of 
water,  again  sealed  and  heated  at  110-115^C.  for  about  three 
hours.  The  product  of  reaction  had  a  white  solid  appearance. 
It  was  washed  with  water,  dissolved  in  hot  alcohol  and  allowed  to 
cool.  The  substance  solidified  and  was  filtered.  The  substance 
was  again  dissolved  in  alcohol,  a  few  drops  of  phenolphthalein 
added  and  rendered  alkaline  by  means  of  an  alcoholic  solution 
of  sodium  hydrate.  The  solution  was  evaporated  to  dryness. 
The  dry  mass  was  transferred  to  a  flask  and  distilled  at  about 
0.5  mm.  pressm*e.  The  distillate  was  purified  by  redissolving  in 
hot  alcohol  and  allowing  the  solution  to  cool.  The  substance 
was  then  filtered  and  freed  from  adhering  alcohol  by  melting. 

Many  samples  were  analyzed.  The  analysis  of  two  will  be 
reported  here. 

0.1300  gram  of  the  Bubstance  gave  0.4092  gram  of  COs  and  0.1673  gram 

of  H,0. 

0.1041  gram  of  the  Bubstance  gave  0.3277  gram  of  COs  and  0.1337  gram  of 

H,0. 

Calculated  for  Found: 

C»Hm:  I  II 

C 85.10       85.30       85.70 

H 14.90       14.31        14.37 

The  melting  paint  of  the  hydrocarbon. 

The  melting  point  of  one  sample  of  the  hydrocarbon  was  63- 
56°C-,  of  another,  54-67'*C,  Kraft  determined  the  melting  point 
of  the  normal  tetracosan  at  61.1**,  of  heptacosan  59.S^C.,  and 
Marie  found  for  pentacosan  53.5-54'*C.    Perhaps  if  we  had  su£B- 

^  Ber.  d.  deuisch.  ehem.  GeseUsch.,  xv,  p.  1687,  1882. 
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cient  material  for  a  second  distillation  of  the  paraffin  the  melling 
point  might  have  come  down  to  that  of  Marie.  On  the  other 
hand,  the  difference  in  the  melting  points  of  normal,  tri-  and 
tetracosan  is  3.4^C.,  and  according  to  this  the  melting  point  for 
pentacosan  may  be  expe(ted  to  be  54.5''C.,  against  SAS&^C. 
found  for  our  substance. 
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ON  THE  CEREBROSIDES  OF  THE  BRAIN  TISST7E. 

Bt  p.  a.  LEVENE  and  W.  A.  JACOBS. 

(Prom  the  Rockefeller  Ineiiiviejor  Medical  Reeearch,  New  York,) 

(Received  for  publication,  July  19,  1912.) 

Under  the  general  name  of  cerebrosides  have  been  described  a 
number  of  individual  substances  designated  by  special  names  and 
apparently  possessing  distinct  chemical  and  physical  properties. 
The  exact  relationship  of  the  substances  one  to  another  has  not 
been  fully  established.  The  subject  has  been  treated  in  a  critical 
way  in  several  exhaustive  articles  written  by  men  as  competent 
as  Frankel/  Leathes,'  Bang*  and  Cramer.^  One  is  surprised  to 
find  that  the  views  of  these  writers  are  in  disagreement  on  some  of 
the  fundamental  points  regarding  the  relationship  of  different 
cerebrosides.  The  better  known  substances  of  this  group  are 
phrenosine  and  kerasine  of  Thudichum;*  cerebrine,  homocerebrine 
and  encephaline.  The  first  two  of  the  latter  three  were  studied  by 
Parens*  and  by  Kossel  and  Freytag.^  Finally  to  the  same  group 
belong  cerebron  of  Thierfelder  and  pseudocerebrine  of  Gamgee. 
Bang,  the  most  skeptical  of  the  writers,  believes  in  the  existence 
of  only  two  cerebrosides:  phrenosine  and  kerasine.  Cramer  and 
Leathes  are  inclined  to  distinguish  between  cerebrine  and  cerebron, 
and  admit  the  individuality  of  kerasine  and  of  homocerebrine. 
The  latter  two  substances  they  consider  identical.  Also  Frankel 
is  inclined  to  regard  cerebrine,  cerebron,  pseudocerebrine  and  phren- 

^  Ergeb.  d.  Physiol,  viii,  p.  212,  1909. 

*  The  Pais,  Longman,  Green  and  Ck>.,  1910. 

*  Chemie  und  Biochemie  der  Lipoids,  Wiesbaden,  1911. 

*  Bioehemischss  Handlexicon,  iii,  p.  225,  1911. 

*  Die  chemische  Konstitution  des  Qehirns,  1901. 

*  Journ.J.  prakt.  Chem.,  xxiv,  p.  310, 1881. 

'  Zeiischr,  /.  physioL  Chem,,  xvii,  p.  431,  1893. 
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osine  as  one  substance.  On  the  basis  of  personal  experience  this 
view  was  also  defended  by  Gies  and  Posner.* 

However,  it  must  be  remarked  that  the  views  of  most  of  the 
writers  are  not  supported  by  indisputable  experimental  proof. 
The  hypotheses  are  mostly  a  matter  of  personal  preference,  and 
most  writers  express  them  with  great  caution.  The  difficulty  in 
coordinating  the  data  on  the  di£ferent  cerebrosides  is  largely  due 
to  the  fact  that  the  investigations  have  been  carried  out  by  differ- 
ent workers  at  very  distant  intervals  and  no  one  worker  attempted 
to  codrdinate  his  results  with  those  of  his  predecessors.  It  was 
realized  that  three  principal  cerebrosides  must  be  closely  related 
one  to  another,  but  it  was  not  clear  wherein  the  point  of  distinc- 
tion was  contained. 

It  was  the  aim  of  the  investigation,  here  to  be  presented,  to 
search  for  these. 

As  there  existed  complete  accord  regarding  the  identity  of  the 
base  and  of  the  carbohvdrate  entering  into  the  composition  of  phren- 
osine,  cerebrine,  cerebron  and  keradme,  their  point  of  distinction 
has  to  be  looked  for  in  the  fatty  acids  that  helped  to  make  up  their 
molecules,  in  reality  the  data  regarding  the  meltmg  pomts  and 
the  percentage  composition  of  the  fatty  acids  present  striking 
differences.  Hence  our  attention  waa  directed  to  the  study  of  the 
fatty  acids  of  the  mixed  cerebrosides  as  obtained  by  the  process  of 
Parens.  At  first  it  seemed  as  though  an  acid  could  be  isolated  that 
was  richer  in  carbon  than  cerebronic  acid  and  which  had  a  very 
low  melting  point.  But  on  purification  of  that  substance  it  always 
showed  the  composition  of  cerebronic  acid,  although  it  alwa3r8 
possessed  a  low  melting  point.  It  was  then  discovered  that  the 
acid  with  the  low  melting  point  was  the  optically  inactive  cere^ 
bronic  acid.  Thus  no  evidence  was  obtained  in  favor  of  the  view 
that  another  acid  than  cerebronic  acid  was  present  among  the  de- 
composition products  of  the  mixed  cerebrosides.  If  it  was  present 
its  quantity  undoubtedly  was  very  small.  Hence,  the  cerebrosides 
referred  to  in  this  publication  seem  to  be  identical  from  the  stand- 
point of  the  character  of  their  components. 

Another  fact  supporting  the  view  of  the  chemical  identity  of  the 
cerebrosides  was  found  in  the  following: 

*  This  Journal,  i,  p.  59,  1905. 
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The  mixed  cerebrosides  were  fractionated  first  according  to 
Parens  on  the  basis  of  the  difference  in  their  solubility  in  alcohol. 
Each  fraction  was  then  recrystallized  from  glacial  acetic  acid. 
Under  this  condition  from  cerebrine  and  from  kerasine  substances 
were  obtained  that  possessed  the  same  composition  and  the  same 
meltmg  point  as  cerebron  and  hence,  could  be  both  regarded  as 
cerebrine  or  cerebron.  In  the  glacial  acetic  acid  mother  liquor  there 
remained  a  small  quantity  of  substance  that  was  extremely  solu- 
ble in  glacial  acetic  acid  and  in  alcohol  at  room  temperature.  The 
proportion  of  this  substance  was  very  small  and  as  yet  has  not  been 
further  studied.  However,  the  fact  was  made  clear  that  the  major 
part  of  cerebrine  and  of  kerasine  was  composed  of  the  substance 
having  the  composition  of  cerebron.  And  yet,  when  entirely  free 
from  impurities,  the  different  fractions  differed  in  their  solubility 
in  alcohol  and  in  their  physical  appearance  as  they  settled  out  of 
alcohol.  The  differences  were  the  same  as  described  by  Parens  for 
cerebrine  and  homocerebrine. 

The  similarity  of  cerebrine,  cerebron,  and  kerasine  is  also  sup- 
ported by  the  bromine  estimation  made  by  Kossel  and  Freytag. 
There  is  only  one  double  bond  in  the  molecule  of  cerebron,  which 
could  lead  to  the  formation  of  a  dibrom  derivative,  and  not  a 
tribrom  body  as  assimied  by  Kossel  and  Freytag.  The  theory  for 
a  dibrom  cerebron  requires  16.22  per  cent  of  bromine,  whereas 
Kossel  and  Freytag  foimd  16.60  and  16.30  per  cent  for  cerebrine 
and  16.90  and  17.26  per  cent  for  kerasine. 

It  is  also  noteworthy  that  in  all  the  three  cerebrosides  the  pri- 
mary amino  group  of  the  sphingosme  is  substituted,  as  none  of 
them,  treated  with  nitrous  acid  in  the  apparatus  of  Van  Slyke, 
gives  rise  to  nitrogen  gas. 

A  difference  appeared  only  when  the  optical  activity  of  the 
substance  was  studied.  It  was  found  generally  that  the  substances 
obtained  from  the  cerebrine  fraction  were  dextrorotatory,  while 
those  obtained  from  the  kerasine  fraction  were  generally  optically 
inactive,  and  once  a  sample  was  obtained  from  the  kerasine  fraction 
that  was  strongly  levorotatory.  Furthermore,  by  means  of  a 
mixture  of  p3rridine  and  alcohol  it  was  found  possible  to  fractionate 
the  dextrorotatory  substance  into  a  fraction  practically  inactive 
and  into  another  with  a  dextrorotation  higher  than  that  of  the 
original  substance. 


Digitized  byVjOOQlC 


392  Cerebrosides  of  Brain  Tissue 

Since  the  three  cerebrosides  are  di8ting;uished  principally  by 
di£Ferences  in  solubility  and  since  there  is  no  evidence  to  the  e£Fect 
that  they  are  composed  of  different  elements,  one  may  feel  justiHed 
in  advancing  the  hypothesis  that  the  three  cerebrosides  are  all 
mixtures  of  stereoisomeric  substances.  The  difference  in  the 
solubility  of  the  various  substances  may  be  determined  by  the 
proportion  of  the  optically  active  and  inactive  substances.  It 
would  perhaps  be  simpler  to  abandon  most  of  the  nomenclature 
and  to  refer  to  cerebrosides  as  d-cerebrine,  2-cerebrine  and  dl- 
cerebrine.  Of  course,  it  still  is  necessary  to  discover  a  method  by 
which  a  separation  could  be  accomplished  conveniently.  Cerebrine, 
cerebron  and  phrenosine  correspond  to  d'^centbrine;  kerasine  and 
homocerebrine  to  dl-cerebriiie.  Of  course  the  possibility  is  not 
excluded  that  the  lipoids  of  the  brain  contain  cerebrosides  of  an 
entirely  different  order. 

EXPERIMENTAL  PABT. 

Preparation  of  cerebrosides. 

Part  of  the  cerebrosides  were  prepared  following  the  directions 
of  Parens,  the  other  part  by  a  slight  modification  of  the  process. 
The  details  were  the  following:  Brains  freed  from  the  membranes 
were  passed  through  a  hashins  machine  and  suspended  in  a  barium 
hvdrate  solution.  The  mixture  was  brought  to  a  boil  and  tne 
solid  brain  tissue  separated  from  the  liquid  by  filtering  through 
cheese  cloth.  The  residue  was  then  suspended  in  95  per  cent 
alcohol  and  the  mixture  was  brought  to  a  boil  inapercolator.  The 
alcohol  was  then  removed  and  the  extraction  continued  with  95 
per  cent  alcohol  containing  5  per  cent  of  ammonia  water.  The 
extraction  was  continued  as  long  as  the  alcohol  gave  a  precipitate 
on  cooling.  The  combined  alcoholic  extracts  were  placed  in  a 
refrigerator  at  -  1®C.  A  sediment  formed  on  standing.  This  was 
again  dissolved  in  95  per  cent  alcohol  and  again  placed  in  the  re- 
frigerator. The  precipitate  of  mixed  cerebrosides  thus  formed  was 
then  extracted  by  means  of  absolute  alcohol  in  a  water  bath  at 
65**C.  The  alcoholic  filtrate  was  placed  in  a  thermostat  and  there 
allowed  to  cool.  The  precipitate  thus  formed  was  considered  as 
cerebrine  in  the  sense  of  Parens.  In  the  early  phases  of  the  work 
the  mother  liquors  from  cerebrine  were  allowed  to  stand  at  room 
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temperature  over  night,  which  gave  rise  to  anintermediate  fraction ; 
the  mother  liquor  from  this  was  placed  in  the  refrigerator,  and  the 
precipitate  there  formed  was  regarded  as  homocerebrine  or  kera- 
sine.  Later  the  intermediate  stage  was  omitted  and  the  mother 
liquor  from  cerebrine  placed  immediately  in  the  refrigerator.  The 
traces  of  ash  still  present  were  removed  according  to  the  directions 
of  Parens. 

Proportion  of  the  three  fractions  in  the  mixed  cerebrosidea. 

About  35  grams  of  the  mixed  cerebrosides  dissolved  in  absolute 
alcohol  were  allowed  to  stand  in  the  thermostat  room  over  night; 
the  precipitate,  thus  formed,  filtered  and  dried  in  a  vacuum  desic- 
cator, weighed  16.5  grams  or  47.4  per  cent.  From  the  mother 
liquor  of  this  at  room  temperature  separated  out  4  grams  or  11.4 
per  cent  of  the  second  fraction,  and  finally,  from  the  second 
mother  liquor  separated  in  the  refrigerator  at  —  1®,  14.2  grams 
of  the  third  precipitate  or  40.6  per  cent  of  the  total  cerebrosides. 

Precipitate  I  »  47.4  per  cent  o/  total. 
Precipitate  II  ->  11.4  per  cent  of  total. 
Precipitate  III  »  40.6  per  cent  of  total. 

Purificalion  of  the  fractions. 

a.  By  means  of  glacial  acetic  acid.  It  was  then  found  that  every 
one  of  these  fractions  could  be  fractionated  by  means  of  glacial 
acetic  acid  into  two  fractions,  the  soluble  and  insoluble.  The 
soluble  fractions  were  freed  from  the  acid  by  distillation  under 
diminished  pressure.  The  residue  was  redissolved  in  hot  alcohol 
and  on  cooling  gave  a  precipitate;  this  again  could  be  fractionated 
by  means  of  glacial  acetic  acid,  so  that  finally  the  greatest  part  of 
the  cerebrosides  could  be  crystallized  out  of  glacial  acetic  acid. 

b.  By  means  of  a  mixture  of  one  part  of  pyridine  to  one  part  of 
alcohol  {98  per  cent).  The  precipitate  obtained  from  the  glacial 
acetic  acid  can  be  fractionated  by  this  mixture.  One  part  of  the 
substance  was  dissolved  in  thirty  parts  of  the  mixture  and  allowed 
to  stand  over  night  at  room  temperature.  The  filtrate  on  cooling 
in  an  ice  and  alcohol  mixture  formed  a  second  precipitate  which  was 
filtered  oflF.    The  mother  liquor  from  the  second  precipitate,  evap- 
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orated  to  dryness  at  diminished  pressure  and  recrystallized  out  of 
alcohol,  gave  a  very  small  third  precipitate.  The  fractionation  by 
means  of  this  solution  was  very  sharp  with  the  substance  obtained 
from  the  cerebrine  fraction.  When  the  substance  obtained  from 
kerasine  was  dissolved  in  the  pyridine  mixture  the  physical  appear- 
ance of  the  two  fractions  was  not  very  different  one  from  the 
other,  and  the  precipitate  filtered  with  difficulty. 

Analysis  of  the  substances  obtained  from  the  various  fractions, 

Cerebrine  out  of  alcohol. 

(la)  0.1359  gram  of  the  substance  gave  0.3442  gram  of  COi  and  0.1388 
gram  HtO. 

(lb)  0.1304  gram  of  the  substance  gave  0.3324  gram  of  COi  and  0.1326 
gram  HtO. 

(la)  0.1920  gram  of  the  cerebrine  out  of  alcohol  was  employed  for  a 
Kjeldahl  nitrogen  estimation.  It  required  for  neutralisation  2.5  cc.  of  vf 
acid.    N  B  1.9  per  cent. 

(lb)  0.2154  gram  of  cerebrine  out  of  alcohol  employed  for  a  Kjeldahl 
nitrogen  estimation  required  for  neutralisation  2.6  cc.  of  Sf  acid.  N  »  1.69 
per  cent. 

Cerebrine  out  of  glacial  acetic  acid. 

(2a)  0.1210  gram  of  the  substance  gave  0.3092  gram  of  COs  and  0.1188 
gramHsO. 

(2b)  0.1180  gram  of  the  substance  gave  0.2986  gram  of  CX)t  and  0.1152 
gramHsO. 

Kerasine  out  of  alcohol. 

(1)  0.1198  gram  gave  on  combustion  0.3078  gram  of  COs  and  0.1258  gram 
of  HsO. 

(1)  0.1524  gram  of  the  same  substance  employed  for  Kjeldahl  nitrogen 
estimation  required  for  neutralisation  1.7  cc.  of  Sf  acid;  N  »  1.60'per  cent. 

Kerasine  out  of  gladiil  acetic  acid. 

(2a)  0.1132  gram  of  the  substance  gave  on  combustion  0.2872  gram  CX)i 
and  0.1168  gram  HtO. 

(2b)  0.1102  gram  of  the  substance  gave  on  combustion  0.2836  gram  CX>i 
and  0.1188  gram  HtO. 
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C 

H 

N 

Calculated  for  cerebrc 

m,  C«H„NO. .... 
[la 

percent 

60.65 
60.10 
60.51 
60.60 
60.00 
60.90 
60.20 
70.08 

percent 
11.24 
11.43 

11.37 
10.96 
10.92 
11.75 
11.55 
12.06 

percent 
1.70 
1.90 

Found  for  cerebrine   ^ 

lb 

2a 

2b 

fla 

1.69 
1.60 

Found  for  kerasine 

2a 

(homocerebrine) 

2b 

The  meUing  points  of  the  varioua  cerebrosides. 

Regarding  the  melting  points  of  the  cerebrosides  the  records 
of  individual  investigators  show  marked  variations.  The  lowest 
value  f oimd  by  Parens  and  by  Kossel  and  Freytag  for  kerasine  was 
ISS-lSe'^C,  and  the  highest  was  recorded  by  Womer  and  Thier- 
felder  for  cerebron,  at  209-2iyC.  The  meltmg  points  of  our 
substances  also  varied,  depending  on  the  degree  of  purification  of 
the  substances.  The  cerebrosides  crystallized  out  of  alcohol  and, 
still  containing  some  ash,  showed  decomposition  rather  than  melt- 
ing at  the  temperature  of  about  200*^0.  Substances  carefully 
purified  and,  particularly,  those  purified  by  recrystallization  out 
of  glacial  acetic  acid  possessed  a  very  sharp  melting  point  of  195^0. 
On  fractionation  out  of  the  pyridine  mixture  two  fractions  were 
obtained:  a  more  insoluble,  melting  at  210^0., and  a  less  insoluble, 
melting  at  196-198**C.  The  character  of  melting,  described  by 
Wdmer  and  Thierfelder  for  their  cerebron,  leads  us  to  the  belief 
that  the  sample  in  their  possession  undoubtedly  consisted  of  a 
mixture  of  the  isomers. 

Optical  rotation  of  tiie  various  fractions. 

Two  samples  were  employed  for  the  determination  of  the  optical 
activity  of  the  cerebrosides:  one  of  the  cerebrine  and  one  of  the 
kerasine  (homocerebrine)  fractions.  They  had  been  recrystaUized 
from  glacial  acetic  acid,  and  the  analytical  data  from  them  have 
been  reported  in  this  communication.  They  had  a  sharp  melting 
point,  first  liquefying  and  then  decomposing  at  195^0.  In  macro- 
scopic appearance  the  first  substance  had  the  character  of  a  fine 
granular  powder,  the  other  that  of  a  solid  waxy  mass. 
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The  optical  rotation  of  the  fractions  was  the  following: 

Cerebrine. 

0.5205  gram  of  the  substance  was  dissolved  in  5  co.  of  pyridine.  ToUl 
weight »  5.3249  grams  and  rotation  at  t »  25^C.  and  in  pure  yellow  li^t 
in  1  dm.  tube  was  0.10''  (*  0.00)  to  the  right. 

[a]f.  +  i.or 

Keranne, 

0.8175  gram  of  the  substance  was  dissolved  in  8  cc.  of  psrridine.  Total 
weight  "■  8.3755  grams.  There  was  no  optical  activity  detectible  in  a  1  dm. 
tube  and  in  pure  yellow  light. 

RoUUion  of  the  sybsiancee  fraelianaUd  by  a  pyKdtne  alcohol  mixtun. 

Five  grams  of  each  of  the  tested  substances  were  dissolved  in  30  oe.  of 
warm  psnridine  to  which  120  cc.  of  98  per  cent  alcohol  had  been  added.  The 
solution  was  allowed  to  stand  at  room  temperature  (25*C.)  over  night,  then 
filtered  on  suction,  washed  with  ether  and  dried.  The  mother  liquor  was 
chilled  in  an  alcohol  ice  mixture  and  filtered  at  low  temperature.  The 
rotations  of  the  fractions  were  the  following. 

Cer05rtfie. 

First  fraction:  0.5090  gram  of  the  substance  dissolved  in  about  10  cc. 
of  pyridine.  Total  weight  -  9.4862  grams.  Rotation  at  25*C.  in  pure 
yellow  light  and  in  2  dm.  tube  -  +  0.20*. 

[a]^'  -  +  1.88*  (*  0.00*) 

Out  of  5  grams  of  the  original  substance  about  2.5  grams  of  this  first  frac- 
tion and  about  0.5  gram  of  a  second  fraction  separated  on  cooling.  The 
second  fraction  was  inactive.  The  mother  liquor  from  the  second  fraction 
gave  a  residue  very  soluble  in  alcohol.    This  was  not  tested  further. 

Kertuine. 

Originally  inactive.  The  first  fraction,  or  the  one  insoluble  at  room  tem- 
perature, was  optically  tested.  0.4988  gram  of  the  substance  was  diuolved 
in  10  cc.  of  pyridine.  Total  weight  -  9.4282  grams.  Rotation  in  2  dm. 
tube,  at  room  temperature  of  25''C.,  and  in  pure  yellow  light  ->  +  0.05* 
(-=  0.00). 

[a]^'-+0.47"(«*»0.00*) 
The  second  fraction  from  the  same  sample  was  inactive. 
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The  values  of  the  specific  rotation  of  all  these  substances  were 
lower  than  those  reported  by  Thierfelder  for  cerebron,  hence  one 
is  led  to  the  conclusion  that  they  consisted  of  mixtures  of  isomers. 

Hydrolysis  of  cerebrine  for  the  purpose  of  estimating  the  proportion 

of  galactose. 

ExPEBiMENT  1.  Twenty  grams  of  cerebrine  were  taken  up  in 
500  cc.  of  alcohol  containing  50  grams  of  sulphuric  acid  and  boiled 
in  a  water  bath  with  return  condenser  for  six  hours.  Preliminary 
experiments  have  shown  that  the  maximal  hydrolysis  cannot  be 
obtained  in  a  shorter  time.  The  solution  was  then  placed  in  the 
refrigerator  over  night.  The  fatty  acids  and  esters  were  then 
removed  by  filtration.  The  mother  liquor  was  then  diluted  with 
one  liter  of  water  and  boiled  with  return  condenser  five  hours  in  a 
water  bath.  The  product  of  hydrolysis  was  then  freed  from  sphin- 
gosine  and  from  alcohol  and  the  sugar  estimated  by  reducing 
Fehling's  solution,  estimating  the  cuprous  oxide  by  Volhard's 
method.    The  yield  of  galactose  was  5  grams  or  20  per  cent. 

Experiment  2.  Three  grams  of  cerebrine  were  taken  up  in  50 
cc.  of  alcohol  containing  5  grams  of  sulphuric  acid  and  treated  in 
the  same  manner  as  in  the  preceding  experiment.  The  yield  of 
galactose  was  0.56  gram  or  18.7  per  cent. 

Theory  for  cerebron,  CaHtiNO»,  required  21.5  per  cent  of  CtHnOc. 

Foimd:    Experiment  1 20.0  per  cent. 

Experiment  2 18.7  per  cent. 

Taking  into  consideration  that  the  removal  of  the  fatty  acid  and 
of  sphingosine  always  leads  to  some  loss  the  agreement  is  quite 
satisfactory. 

Analysis  of  the  fatty  adds. 

The  mixture  of  fatty  acids  and  esters  obtained  on  hydrolysis  of 
the  mixed  cerebrosides  was  saponified  in  the  usual  way  and  the 
soaps  transformed  into  the  free  acids.  These  were  separated  into 
two  fractions  by  means  of  ether.  The  fatty  acids  were  dissolved 
in  boiling  ether  and  the  ethereal  solution  allowed  to  stand  in  the 
refrigerator.  A  fraction  separated  consisting  practically  of  pure 
cerebronic  acid.    The  first  precipitate  thus  obtained  often  had  the 
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composition  of  C  =  76.4,  76.3  or  76.1,  and  H  =  12.6,  12.3  or  12.4. 
A  comparatively  small  part  of  the  total  acids  always  remained  in 
the  ethereal  mother  liquor.  The  acids  were  obtained  from  this 
by  removing  the  ether  by  distillation  and  recrystallizing  the  residue 
out  of  alcohol  or  out  of  acetone.  The  precipitate  thus  obtained 
varied  in  its  carbon  content  from  77  to  78.5  per  cent,  and  hydrogen 
content  of  about  12.5  to  13.0  per  cent.  It  was  thought  that  an 
acid  of  the  composition  CmH480s  may  be  present  in  that  fraction. 
However,  in  every  experiment  the  acid  value  was  low,  and  on  the 
other  hand,  the  fraction  contained  no  methyl  or  ethyl  esters,  since 
the  presence  of  methyl  or  ethyl  groups  could  not  be  demonstrated 
by  the  method  of  Zeist  and  Fanto  or  by  the  saponification  value. 

In  the  later  phases  of  the  work  it  was  learned  that  cerebronic 
acid  formed  a  lithium  salt,  soluble  in  hot  alcohol,  and  the  same 
salt  of  C24H48OS  was  insoluble.  When  the  fraction  containing  the 
high  carbon  value  was  transformed  into  the  lithium  salt  it  was 
foimd  that  it  was  either  all  soluble  in  hot  methyl  alcohol  or,  if 
some  remained  as  an  apparently  insoluble  residue,  it  also  was  com- 
posed principally  of  cerebronic  acid,  containing  carbon  76.5  per 
cent  and  hydrogen  about  12.7  per  cent.  Thus  the  attempts  to 
identify  the  acid  C14H48O2  among  the  products  of  hydrolysis  of 
mixed  cerebrosides  were  not  successful. 

An  experiment  was  then  made  in  which  30  grams  of  cerebrine 
purified  by  glacial  acetic  acid  were  hydrolyzed  in  the  usual  way  and 
the  free  acids  were  transformed  into  the  lead  salt  and  this  again 
freed  from  lead.  The  analysis  of  the  acid  obtained  in  this  manner 
had  the  following  composition. 

0.1194  gram  of  the  substance  gave  0.3292  gram  COs  and  0.1350  gram  HiO. 

CalculatMlfor 
CmHmOi:         Found: 
(Cerebronic  add) 

C 75.38         75.40 

H 12.56         12.S5 

Thus  the  attempts  failed  to  discover  on  hydrolysis  of  mixed 
cerebrosides  an  acid  that  was  not  cerebronic  acid.  If  such  is 
present  it  is  imdoubtedly  in  the  form  of  an  impurity  derived  from 
some  substance  other  than  the  cerebrosides. 
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THE  AMmO-ACm  NITROGEN  OF  THE  BLOOD. 

PRELIMINARY  EXPERIMENTS  ON  PROTEIN 
ASSIMILATION. 

By  DONALD  D.  VAN  SLYKE  and  GUSTAV  M.  MEYER. 
{From  the  Rockefeller  Institute  for  Medical  Reeearch,  New  York.) 

(Received  for  publication,  July  19,  1912.) 

Two  opposing  views  are  held  concerning  the  manner  in  which 
the  organism  assimilates  the  amino-acids  formed  in  the  intestine 
from  digested  proteins. 

Abderhalden'  believes  that  in  passing  the  intestinal  wall  the 
amino-acids  are  synthesized  into  a  blood  protein.  This  enters 
the  circulation,  from  which  the  cells  of  the  tissues  take  it,  break 
it  down  again  into  amino-acids  and  from  these  rebuild  their  own 
characteristic  proteins.  The  reason  for  this  view,  that  the  amino- 
acids  are  resynthesized  into  protein  while  passing  the  intestinal 
wall,  is,  that  although  amino-acids  are  abundant  in  the  intestinal 
contents,  attempts  to  demonstrate  them  in  normal  blood  have 
met  with  absolute  failure.  Against  this  view  the  objection  is 
valid,  that  it  is  based  on  negative  results  and  that  more  sensitive 
methods  than  those  hitherto  applied  might  reveal  amino-acids 
in  the  blood. 

Buglia'  offers  evidence  indicating  that  the  body  is  capable  of 
utilizing  amino-acids  which  have  entered  the  blood  stream.  He 
injected  intravenously  into  dogs  amounts  of  amino-acid  mixtures 
comparable  to  those  formed  from  the  food,  and  found  that,  when 
the  injection  was  performed  slowly,  no  serious  ill  effects  followed 
and  only  a  small  part  of  the  amino-acid  nitrogen  was  excreted. 
Folin  and  Denis'  injected  large  amounts  of  amino-acids  directly 
into  the  small  intestines  of  cats  and  noted  a  subsequent  increase 

*  Syntheee  der  Z^Ubausteine,  1912. 

*  Zeitschr,  f,  BioL,  Iviii,  p.  162, 1912.    Buglia  also  gives  earlier  literature. 
» This  Journal,  xi,  p.  87,  1912. 
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in  the  fraction  of  blood  nitrogen  left  after  subtracting  the  protein 
and  urea.  Neither  the  results  of  Buglia  nor  those  of  Folin  and 
Denis,  however,  demonstrate  the  presence  of  amino-acids  in  the 
normal  blood  during  periods  of  either  digestive  activity  or  rest. 
So  long  as  this  demonstration  remains  unperformed,  the  conten- 
tion of  Abderhalden  cannot  be  refuted,  that  during  normal  diges- 
tion, with  the  chyme  gradually  passing  in  small  portions  from  the 
stomach  to  the  intestine  and  from  the  intestine  to  the  blood,  the 
latter  passage  is  accompanied  by  S3mthe8is  of  food  amino-acids 
into  blood  protein. 

It  was  evident  that  for  the  solution  of  the  problem  a  method 
was  necessary  sufficiently  delicate  to  ascertain  decisively  whether 
amino-acids  are  present  in  or  absent  from  the  blood,  and  sufficiently 
accurate  to  detect  the  fluctuations  normally  occurring  in  amino- 
acid  nitrogen  if  it  is  present.  We  have  found  that  the  nitrous 
acid  method  for  determination  of  amino  nitrogen  can  be  easily 
used  for  the  blood  and  answers  the  above  requirements.  We 
have  consequently  applied  it  to  the  problem  of  protein  assimila- 
tion. 

METHOD  FOR  DETERMINATION  OF  AMINO-ACID  NITROGEN  IK  BIjOOD. 

Thirty  to  fifty  cubic  centimeters  of  freshly  drawn  blood  are 
mixed  with  9  or  10  volumes  of  96  per  cent  alcohol  to  precipitate 
the  proteins.  The  volume  of  the  alcohol-blood  mixture  must  be 
known;  but  in  case  it  is  not  convenient  to  use  a  graduated  cylinder 
for  the  mixture,  its  volume  can  be  taken  as  the  sum  of  the  volumes 
of  alcohol  and  blood  without  essentially  affecting  the  results. 
The  alcohol  and  blood  are  thoroughly  mixed,  the  vessel  contain- 
ing them  is  closed,  and  twenty-four  hours  are  allowed  for  precipi- 
tation of  the  proteins  to  become  complete.  The  solution  is  filtered 
through  a  dry  folded  filter  into  a  measuring  cylinder,  without 
washing  the  precipitate.  The  volume  of  filtrate  obtained  is  noted, 
and  is  taken  for  analysis  as  an  aliquot  part  of  the  total  blood- 
alcohol  mixture.  The  filtrate  is  then  concentrated  to  a  volume 
of  3-5  cc.  and  used  for  determination  of  amino  nitrogen  by  Van 
Slyke's  nitrous  acid  method.*  The  use  of  a  few  drops  of  acrylic 
alcohol  to  prevent  foaming  is  advisable. 

<  This  Journal f  ix,  p.  185;  xii,  p.  275. 
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The  precipitation  with  alcohol  is  a  simple  and  effective  means 
of  removing  the  proteins.  The  filtrate,  even  when  concentrated, 
gives  no  biuret  test.  The  completeness  of  the  removal  of  pro- 
teins is  further  evidenced  by  the  fact  that  when  in  control 
tests  the  alcohol  was  driven  off  from  the  filtrate  and  the  residue 
was  hydrolyzed  with  hydrochloric  acid,  the  amino  nitrogen 
set  free  by  the  hydrolysis  amounted  to  only  2  mgm.  per  100  cc. 
of  blood. 

Whether  the  alcoholic  filtrate  is  concentrated  on  the  water 
bath  or  under  diminished  pressure  appears  to  make  little  difference 
with  the  results.  We  have,  however,  as  a  regular  thing,  concen- 
trated under  diminished  pressure  in  a  double-necked  flask,  trans- 
ferring the  solution  towards  the  end  of  the  distillation  to  a  small 
flask,  from  which  it  can  be  removed  with  a  minimum  amount  of 
wash  water.  This  method  of  concentration  is  the  most  rapid, 
and  the  lipoids  which  separate  when  the  alcohol  is  driven  off 
take  the  form  of  a  fine  emulsion,  which  does  not  interfere  mechani- 
cally or  otherwise  with  the  amino  determination.  They  can  be 
removed  with  ether,  but  this  is  unnecessary. 

For  the  amino  determination  one  can  either  wash  the  concen- 
trated filtrate  into  a  10  cc.  graduated  flask,  measuring  off  9.7  or 
9.8  cc.  of  this  in  the  burette  of  the  amino  apparatus;  or  one  can 
transfer  the  filtrate  directly  from  the  small  distilling  flask  into 
the  10  cc.  burette  of  the  amino  apparatus,  using  several  portions 
of  2-3  cc.  of  water  each  to  clean  out  the  flask  and  wash  the  solution 
completely  into  the  deamini^g  bulb.  We  have  usually  used  the 
latter  method. 

The  amino  determination  is  much  simpler  than  in  the  case  of 
urine,  because  the  amount  of  ammonia  in  the  blood  is  negligible, 
and  the  urea  content  is  so  slight  that  the  correction  for  the  propor- 
tion of  urea  nitrogen  (about  3  per  cent),  given  off  while  the  amino- 
acids  are  quantitatively  decomposed,  is  scarcely  sufficient  to 
affect  the  significance  of  results  if  it  were  entirely  neglected. 
We  have,  however,  alwa3rs  determined  imd  made  this  correc- 
tion according  to  the  principle  utilized  in  the  determination  of 
amino  nitrogen  in  the  urine.*  The  correction  rests  on  the 
fact  that  in  two  to  four  minutes  (according  to  the  temperature) 
amino-acids  give  off  100  per  cent  of  their  nitrogen.    Continuing 

i  ThiB  JownaX,  zii,  p.  276. 
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the  reaction  for  an  equal  length  of  time  thereafter  results,  when 
urea  is  present,  in  the  evolution  of  a  further  amount  of  nitrogen 
from  the  urea,  this  amount  being  equal  to  that  evolved  from  the 
urea  while  the  amino-acid  was  being  decomposed  in  the  first 
period.  With  the  small  amounts  of  urea  present  in  the  blood 
it  is  unnecessary  to  make  an  entire  extra  analysis  to  determine 
the  correction.  The  latter  is  ascertained  as  follows.  For  the 
decomposition  of  the  amino-acids  the  reaction  is  run  with  constant 
rapid  shaking  for  four  minutes  at  a  temperature  below  20^,  for 
three  and  a  half  minutes  at  20-25^  and  for  two  to  three  minutes 
above  25**,  the  time  being  accurately  measured.  At  the  end  of 
the  reaction  the  nitrogen  gas  is  purified  and  measured  in  the  usual 
way,  and  then  expelled  from  the  apparatus  through  cock  c  (see 
figure  2,  p.  278,  preceding  number  of  this  Journal).  The  solution 
left  in  the  deaminizing  bulb  D  is  now  shaken  and  treated  exactly 
as  described  on  page  280  of  the  above  article  for  determining 
whether  the  reaction  is  complete  or  not.  The  length  of  time 
between  the  end  of  the  first  reaction  and  that  of  the  second  should 
be  accurately  that  of  the  first  reaction.  The  gas  formed  during 
the  second  period  is  shaken  out  with  permanganate  and  measured. 
This  represents  the  urea  correction  and  is  to  be  deducted  from  the 
first  reading.  The  latter,  minus  this  correction,  represents  only 
amino-acid  nitrogen,  since  other  forms  of  amino  nitrogen,  such 
as  fatty  amines,  amino-purines,  amino-pyrimidines  and  anunonia, 
react  slowly  and  would  if  present  be  corrected  for  with  the  urea. 
In  case  it  is  inconvenient  to  finish  the  second  reaction  in  as  short 
a  period  as  the  first,  it  may  be  allowed  to  run  one  or  two  minutes 
longer,  the  correction  being  calculated  on  the  rate  of  urea  nitrogen 
evolved  per  minute.  It  is  essential  that  the  solution  should  be 
shaken  rapidly  during  the  last  minute  to  expel  all  the  nitrogen 
formed.  The  fact  that  under  these  conditions  very  nearly  the 
same  amount  of  nitrogen  is  evolved  in  the  first  and  second  periods 
is  indicated  by  the  following  four  pairs  of  determinations,  each 
of  which  was  made  with  10  cc.  of  0.5  per  cent  urea. 

I         n        m        nr 

ec.  ec.  ec.  ce, 

N  in  first  three  minutes 2.0       2.2       2.1        2.4 

N  in  second  three  minutes 2.2       2.2       2.2        2.6 
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The  maximum  diJGference,  0.2  cc,  is  equivalent  to  only  0.1  mgm. 
of  amino  nitrogen;  and  the  corrections  actually  found  in  blood 
work  are  usually  less  than  2  cc. 

To  ascertain  whether  the  technique  above  described  involves 
losses  of  amino-acids,  particularly  whether  they  are  precipitated 
with  or  adsorbed  by  the  proteins,  the  following  experiment  was 
performed. 

One  hundred  cc.  of  fresh  defibrinated  blood,  drawn  from  a  dog  which 
had  fasted  twenty-four  hours,  was  precipitated  with  1  liter  of  alcohol. 
(Total  volume  =  1100  cc.)  Of  the  filtrate,  800  cc,  equivalent  to  72.7  cc. 
of  blood,  were  concentrated,  freed  from  lipoids  with  ether  and  brought  to 
25  cc.  Ten  cc.  portions,  equivalent  to  29.1  cc.  of  blood,  were  used  for  amino 
determinations. 

I  II 

ce.  ce. 

N  in  first  4  minutes 2.95       N  in  first  3}  minutes 2.85 

N  in  second  4  minutes 0.60       N  in  second  3}  minutes — 0.50 

N  from  amino-acids 2.35  2.35 

2.35  cc.  of  nitrogen  at  26^  754  nmi.,  from  29.1  cc.  of  blood  indicate  44f 
mgm.  of  amino-acid  nitrogen  per  100  cc. 

To  another  100  cc.  of  the  same  blood  1  gram  of  alanine,  much  more  amino- 
acid  than  we  have  ever  encountered  in  the  blood  in  nature,  was  added. 
Other  details  of  the  analysis  were  identical  with  the  above. 

I  II 

N  gas  in  three  and  one-half  minutes 85.2  cc.  85.6  cc. 

N  from  amino-acids  and  urea  of  blood. . .        2.9  cc.  2.9  cc. 

N  from  added  alanine 82. 3  cc.  82.7  cc. 

Temperature 26®  27® 

Pressure 754    mm.  754  mm. 

Alanine  N  per  100  cc.  found 0. 1554  gm.  0. 1550  gm. 

Alanine  per  100  cc.  found 0.9880  gm.  0.9860  gm. 

Alanine  per  100  cc.  added 1 .0000  gm.  1.0000  gm. 


AMINO-AGID  CONTENT  OF  BLOOD  FROM  NORMAL  FASTING  DOGS. 

The  animals  used  for  the  following  experiments  had  fasted  for 
twenty  to  twenty-four  hours  before  the  blood  was  drawn.*  The 
results  indicate  that  the  amino-acid  content  varies  within  rela- 
tively narrow  limits. 

*  For  the  samples  from  the  carotid  artery  and  the  vena  cava  we  thank 
Dr.  Auer  and  Dr.  Qithens. 
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DOO  NO. 

aouBOB  or  blood 

TOL.  OF  BLOOD 
BQUITALBlfT 

TOWtunuLvm 

UBBD 

N 

(OOBBBCTBD 
rOBUBBA) 

TBM- 
PBBA- 

TUBB 

PBBB- 

Bxrmm 

▲MIMO-ACIB 
NITBOOBirFn 
100  GC.  BLOOD 

ce. 

ee. 

^^ 

mm. 

•Vm. 

1 

Femoral  artery 

29.1 

2.36 

26 

764 

{1:1 

1 

Femoral  artery 

20.1 

2.36 

26 

764 

2 

Femoral  artery 

28.4 

2.10 

26 

762 

r4.i 

2 

Femoral  artery 

28.4 

2.20 

26 

762 

\4.3 

3 

Vena  cava 

21.6 

2.10 

24 

760 

6,4 

4 

Carotid  artery. 

69.0 

6.80 

26 

760 

6.4 

5 

Femoral  artery 

61.0 

4.20 

26 

760 

3.7 

6 

Femoral  artery 

36.6 

3.30 

25 

760 

6.2 

7 

Carotid  artery. 

37.6 

2.20 

31 

768 

3  1 

8 

Femoral  artery 

40.0 

3.00 

30 

768 

4.0 

8 

Mesenteric  veil 

I.        40.0 

2.90 

30 

768 

3.9 

Experiment  I.    Behavior  of  inirctvenoualy  injected  alanine. 

A  male  dog  of  14  kilos  weight  was  catheterized  and  the  bladder 
was  thoroughly  washed  out.  One  cannula  was  placed  in  the 
right  femoral  vein,  another  in  the  left  femoral  artery.  A  sample 
of  blood  was  drawn  from  the  artery,  and  immediately  afterwards 
the  injection  of  12  grams  of  (tt-alanine  dissolved  in  400  cc.  of  water 
into  the  vein  of  the  other  leg  was  commenced.  At  intervals 
samples  of  blood  were  drawn.  At  the  end  of  the  experiment  the 
bladder  was  again  washed  out  and  the  excreted  amino-acid  nitro- 
gen determined.    The  results  are  here  summarized. 


TIMB 

BND  or 
imconoN 

niBB 

▲mino-acid 
NpbbIOO 

BSTIMATBO 
ALANINB  IN 
CIBCULATION 

PBBlOOCC.  FBXBB 

BT  HTDBOLTBM 

p.m. 

minuU9 

mgm. 

grama 

mgm. 

Drew  blood  sample 

T.  Normal 

3:16 

4.2 

0.00 

2.1 

Began  injection  . . . 

3:17 

Finished  injection. 

3:30 

Drew  sample  II . . . 

3:36 

6 

37.2 

1.47 

1.8 

Drew  sample  III .  . 

3:42 

12 

20.8 

0.64 

1.6 

Drew  sample  IV. . . 

4.06 

36 

12.3 

0.36 

1.4 

Drew  sample  V. . . . 

4:30 

60 

12.3 

0.36 

1.7 
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Total  nitrogen  in  urine 0.445  gram. 

Ammonia  nitrogen  in  urine 0.015  gram. 

Free  amino-acid  nitrogen  in  urine 0.236  gram. 

equivalent  to  1.501  grams  alanine. 

Total  amino-acid  nitrogen  in  urine 0.233  gram. 

The  excreted  alanine  was  optically  inactive. 

The  injected  alanine  disappeared  from  the  blood  with  such 
rapidity  that  five  minutes  after  the  injection  only  1.47  grams  out 
of  the  12  grams  injected  remained  in  circulation  and  in  thirty- 
five  minutes  only  0.36  gram.  A  relatively  small  proportion, 
1.5  grams  in  all,  was  excreted,  about  10  of  the  12  grams  being 
almost  immediatdy  taken  from  the  circulation  by  the  tisBuee.  There 
was  no  evidence  of  synthetic  processes  in  the  blood,  for  the  amino 
nitrogen  freed  by  hydrol3r8is,  which  might  be  expected  to  increase  if 
intermediate  products  of  protein  synthesis  were  present,  remained 
practically  constant. 

The  total  amount  of  alanine  in  circulation  was  calculated  on 
the  assumption  that  the  volume  of  the  blood  in  liters  is  one- 
twentieth  of  the  weight  of  the  body  in  kilograms.  While  this  is, 
of  course,  only  a  rough  approximation,  it  suffices  for  the  purpose 
of  the  experiment. 

The  details  of  the  anal3rse8  follow: 


JSxpefXfi 

lerUl. 

DeterminaHan  of  free  amino-acid  nitrogen.    Temperature  95^; 

pressure  76$  mm. 

TOL. 

toim  of  blood 

NOAS 

N  GAS  Of 

N  GAS  (tX>BB.) 

AmWO-ACID  N 

BAMTLM 

or 

BQUITAIJUfT  TO 

BTOLTBD 

roLLOwnra 

rBOM 

PBBlOOOO. 

SAMPLB 

FILnATBUSBD 

Of  4iinr. 

4iinr. 

AMIMO-AOIM 

BLOOD 

ec. 

ec 

ec 

00. 

ec. 

M#m. 

I 

/87 

28.4 

2.3 

0.2 

2.1 

4.1 

\ 

28.4 

2.4 

0.2 

2.2 

4.3 

II 

100 

31.6 

22.1 

0.9 

21.2 

37.2 

III 

In 

24.0 

9.3 

0.4 

8.9 

20.7 

24.0 

9.4 

0.4 

9.0 

20.9 

IV 

hi 

29.2 

6.8 

0.4 

6.4 

12.1 

20.2 

7.0 

0.4 

6.6 

12.5 

V 

/75 

24.8 

5.9 

0.4 

5.5 

12.3 

24.8 

5.8 

0.3 

5.5 

12.3 

For  the  above  determinations  each  filtrate  was  brought  to  25  cc,  dupli- 
cate determinations  being  made  on  10  cc.  portions  of  this. 

Of  the  unused  parts,  4  cc.  portions  were  used  for  hydrolysis.  They 
were  mixed  with  equaT  volumes  of  concentrated  hydrochloric  acid  and 
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heated  at  lOO**  for  twenty-four  hours.  The  acid  was  evaporated  off  u 
completely  as  possible,  and  the  anunonia  removed  by  vacuum  distiilation 
with  calcium  hydrate.  The  latter  was  then  dissolved  with  acetic  acid  and 
the  sample  used  for  amino  determination. 


ExperimerU  I,    Determinations  of  amino  nitrogen  after  hydrolyeie, 
perature  f7%*  pressure  764  v**^* 


Tern- 


■AMPLB 

TOI..  or  BLOOD 
KQUITALBNTTO 
SAMPLBUSBD 

NOASIN 

SMiir. 

N  GAS  IN 

SlUN. 

NoMBrmou 

AlUNO- 
ACID6 

AMINO  N 

PEN  100  OC. 

BLOOD 

FBBB 

AMINO 

N 

AMINO  N 

rBBBDBT 

HTDBOL- 

TBIS. 

I 

11.4 

ce. 
1.60 

ce. 
0.10 

ce. 
1.40 

m§m. 

6.3 

fulfil. 

4.2 

2.1 

II 

12.6 

9.10 

0.20 

8.90 

39.0 

37.2 

1.8 

III 

9.6 

4.50 

0.20 

4.30 

22.3 

20.8 

1.5 

IV 

11.7 

3.05 

0.15 

2.90 

13.7 

12.3 

1.4 

V 

9.9 

2.65 

0.15 

2.50 

14.0 

12.3 

1.7 

The  urine  voided  during  the  hour  after  the  beginning  of  the  injection 
was  made  up  to  100  cc.  Portions  of  2  cc.  used  for  Kjeldahl  determination 
required  6.40  and  6.30  cc.  of  t^  acid,  the  average  indicating  0.445  gram  of 
total  nitrogen. 

Fifty  cubic  centimeters  were  used  for  determination  of  ammonia  and 
free  amino  nitrogen,  as  described  by  Levene  and  Van  Slyke.'  The  am- 
monia neutralized  5.2  cc.  of  -fV  HCl,  indicating  0.0146  gram  of  ammonia 
N  in  the  entire  urine.  The  ammonia-free  urine  was  brought  back  to  50  cc. 
volume  and  10  cc.  portions  used  for  determination  of  free  amino  acid 
nitrogen. 

I  II 

ce.  ee. 

N  in  first  3  minutes 45.0       N  in  first  4  minutes 45.2 

N  in  second  3 minutes 1.9       N  in  second  4  minutes 2.2 

Amino-acid  N 43.1       Amino-acid  N 43.0 

These  determinations  were  made  at  27*,  758  mm.  The  average,  43.05  cc, 
indicates  0.236  gram  of  free  amino-acid  nitrogen  in  the  total  urine.  This 
includes  all  the  amino  nitrogen,  comparison  with  the  following  determina- 
tion showing  that  no  measurable  amounts  were  conjugated. 

For  determination  of  the  total  amino  nitrogen  40  cc.  of  urine  were  used, 
the  sample  being  diluted  to  50  cc.  after  removal  of  urea  and  ammonia. 
Ten  cc.  portions  were  used  for  amino  determinations.  They  gave  33.5 
and  33.4  cc.  of  nitrogen  at  2&*,  762  mm.  indicating  0.233  gram  of  total  amino 
nitrogen  in  the  urine. 

In  order  to  determine  whether  the  organism  had  destroyed  or 
retained  the  natural  component  of  the  amino-acid  (d-alanine) 
'  This  Journal,  xii,  p.  275. 
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and  excreted  the  other  (2-alanine),  as  found  by  Wohlgemuth"  to 
be  the  case  when  certam  dZ-ammo-acids  were  given  per  oa,  25  cc. 
of  ammonia-free  urine,  containing  0.375  gram  of  alanine,  were 
concentrated,  and  acidified  with  0.5  cc.  of  concentrated  hydro- 
chloric acid.  The  weight  of  the  solution  was  4.273  grams,  the 
concentration  of  alanine  hydrochloride  12.3  per  cent.  This,  if  all 
I-alanine,  should  have  given  a  rotation  of— 1.2°  in  a  1  dm.  tube. 
The  observed  rotation  was  only  —0.04°.  The  dZ-alanine  was, 
therefore,  excreted  practically  unchanged  and  the  alanine  retained 
was  equal  parts  dextro  and  levo. 

Ezperiment  II.    AbsorpHan  of  alanine  from  the  small  intestine. 

The  animal  used  was  a  dog  of  10  kilos  weight  which  had  fasted 
for  twenty-four  hours.  Cannulas  were  placed  in  the  left  femoral 
artery  and  the  mesenteric  vein.  Fifty  cc.  samples  of  blood  were 
drawn  from  each  and  diluted  to  500  cc.  with  alcohol.  A  loop  of 
the  small  intestine  was  then  ligated  at  both  ends  and  15  grams  of 
alanine,  dissolved  in  100  cc.  of  water,  injected  into  it.  After 
forty  minutes,  samples  of  blood  were  again  drawn.  The  loop  was 
then  washed  out,  its  contents  diluted  to  500  cc,  and  10  cc.  used 
to  determine  the  unabsorbed  alanine  nitrogen.  The  determina- 
tion 3rielded  26  cc.  of  nitrogen  at  26°,  760  mm.    From  this: 

granu 

Total  alanine  N  injected 2.4ftl 

Alanine  N  unabsorbed 0.718 

Alanine  N  absorbed 1 .  743 

The  blood  analyses  gave  the  following  results.  The  temperature 
was  30°,  barometer  758  mm. 


souses 

VOL.  or  BLOOD 
BQUITALBlfTTO 
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N  OAS  STOLTBD 
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Femoral  artery  be- 
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Mesenteric  vein  be- 
fore injection 

Mesenteric  vein 
after  injection.... 

CC. 

40 
40 
43 
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*  Ths  det«rmlnstloii  on  the  blood  from  ths  femorml  srtery  after  the  Injection  was  loet. 
•  Ber.  d.  deuUeh.  ehem.  Geaelheh^t  xxxviii,  p.  2064,  1904. 
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The  amount  of  amino-acid  nitrogen  in  the  mesenteric  blood 
increased  by  60  per  cent  as  the  result  of  the  injection  of  alanise 
into  the  intestine.  This,  however,  demonstrates  only  the  i>08ffl- 
bility  that  amino-acids  can  pass  the  intestine.  The  sudden  flood- 
ing of  the  intestine  with  a  solution  of  one  or  more  amino-acids 
is  so  entirely  difiFerent  from  the  gradual  entrance  of  partially 
digested  proteins  from  the  stomach  which  occurs  in  normal  diges- 
tion, that  the  results  can  not  be  utilised  to  explain  the  normal 
process  of  protein  assimilation.  The  same  restriction  applies 
to  the  results  of  Folin  and  Denis/  who  flooded  the  intestines  of 
cats  with  solutions  containing  unusual  amounts  of  amino-acids 
and  observed  a  subsequent  rise  in  the  fraction  of  blood  nitrogen 
left  after  subtracting  the  urea  and  protein. 


THE    RI8B   OF  THE   AMINO-ACID   CONTENT  OF  THE   BIOOD  DtlBINO 

DIGESTION. 

Experiment  III. 

We  have,  therefore,  performed  the  following  experiment.  Sam- 
ples of  50  cc.  of  blood  were  drawn  from  the  right  femoral  arteries 
of  two  dogs,  of  about  15  kilos  weight  each,  which  had  fasted  for 

Experimeni  III,    Effect  of  digestion  on  the  amino-acid  content  of  the  hlood. 
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•  This  Journal,  xi,  p.  87,  1912. 
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twenty-four  hours.  The  dogs  were  in  normal  condition  the  next 
day,  and  each  then  devoured  a  kilo  of  fresh  beef.  Five  hours 
after  the  meal  the  animals  were  etherized  and  samples  of  blood 
drawn  from  both  the  left  femoral  artery  and  the  mesenteric  vein. 
The  amino-acid  content  is  about  doubled  during  digestion.  It 
will  be  noticed  that  the  correction  for  urea  also  increases.  This 
is  to  be  e3q>ected  from  the  results  of  Folin  and  Denis,  who  noted 
a  marked  rise  in  the  urea  content  of  the  blood  during  digestion 
of  protein. 

ST7MMARY  OF  RESULTS. 

The  gasometric  method  for  direct  determination  of  amino-acid 
nitrogen  is  easily  applicable  to  blood  from  which  the  proteins 
have  been  precipitated  by  alcohol.  Duplicate  results  usually 
agree  within  0.2  mgm.  of  amino-acid  nitrogen  per  100  cc.  of  blood. 

The  blood  of  the  dog  normally  contains  amino-acid  nitrogen. 
The  amount,  in  animals  which  have  been  fasting  for  twenty  to 
twenty-four  hours,  is  3  to  5  mgms.  per  100  cc.  of  blood. 

Twelve  grams  of  alanine,  injected  during  13  minutes  into 
the  vein  of  a  dog,  were  so  rapidly  removed  from  the  blood  stream 
that  five  minutes  after  the  injection  only  1.5  grams  were  left  in 
the  blood,  and  after  35  minutes  but  0.4  gram.  Only  1.5  grams 
were  excreted  in  the  urine,  the  greater  part  of  the  injected  amino- 
acid  being  evidently  taken  up  by  some  of  the  tissues. 

Absorption  of  10  grams  of  alanine  from  the  small  intestine  in- 
creased the  amino-acid  nitrogen  of  the  mesenteric  blood  from  3.9 
to  6.3  mgm.  per  100  cc. 

During  normal  digestion  of  meat  the  amino-acid  content  of 
the  blood  undergoes  a  marked  increase  compared  with  its  value 
before  feeding.  It  was  doubled  in  the  case  of  one  dog  and  some- 
what more  than  doubled  in  that  of  another.  The  increase  a£fected 
the  blood  from  the  femoral  artery  almost  as  much  as  that  directly 
from  the  mesenteric  vein. 

CONCLUSIONS. 

With  the  finding  of  amino-acid  nitrogen  in  the  normal  blood 
the  h3rpothesis,  that  the  amino-acids  formed  in  digestion  are 
synthesized  into  blood  protein  while  passing  the  intestinal  wall, 
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becomes  superfluous.  The  increase  in  amino-acid  nitrogen  of 
the  blood,  noted  during  digestion  of  protein,  is,  furthermore, 
positive  evidence  that  amino-acids  as  such  do  normally  pass  the 
intestinal  wall  and  enter  directly  into  the  blood  current.  The 
fact  that  the  amino-acid  content  decreases  but  little  during  pBa- 
sage  of  the  blood  from  the  mesenteric  vein  out  to  the  femoral 
artery  indicates  that  the  amino-acids  are  not  held  back  or  destroyed 
by  the  liver  before  reaching  the  other  tissues.  On  the  contrary, 
it  seems  that  the  amino-acids  absorbed  from  the  intestine  circu- 
late through  the  entire  organism  and  are  oiGfered  directly  to  the 
body  cells  in  general.  The  fact  that  the  amoimt  of  amino-acids 
normally  present  in  the  circulation  is  small,  is  accounted  for  by  the 
rapidity  with  which  the  tissues  take  up  amino-acids  from  the 
blood  as  soon  as  they  become  unusually  abundant  therein.  This 
is  illustrated  by  the  disappearance  of  intravenously  injected  alanine 
from  the  blood  stream. 

The  experiments  here  reported  are  preliminary  to  a  more  com- 
plete investigation  of  the  problem  of  protein  assimilation  and  of 
the  effect  of  different  physiological  and  pathological  conditions 
upon  the  amino-acids  of  the  blood. 
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ON  THE  STRUCTURE  OF  THYMUS  NUCLEIC  ACID. 

By  p.  a.  LEVENE  and  W.  A.  JACOBS. 

(From  the  Rockefeller  Ineixiutefor  Medical  Reeearch,  New  York.) 
(Received  for  publication,  July  19,  1912.) 

Following  the  successful  characterization  of  the  inosinic  and 
guanylic  acids  as  phosphoric  acid  esters  of  purine  ribosides,  i.e., 
simple  nucleotides,  and  of  the  yeast  nucleic  acid  as  a  complex  of 
four  such  nucleotides,  we  at  once  attempted  the  same  with  the 
thymus  nucleic  acid.  Evidence  had  already  been  obtained  by 
Levene  and  Mandel^  of  the  probable  existence  of  a  thymine  nucleo- 
tide in  this  acid  but  owing  to  the  meagre  means  at  hand  at  that 
time  for  studying  the  product  obtained  the  result  required  con- 
firmation. From  the  veiy  start  our  progress  was  greatly  retarded 
by  the  marked  differences  shown  by  this  acid  towards  the  chemical 
treatment  to  which  the  ribose  nucleotides  had  so  readily  yielded. 
The  nucleic  acid,  when  heated  with  ammonia  in  a  sealed  tube 
under  the  conditions  for  the  preparation  of  the  yeast  nucleosides, 
remainedapparentlyunchanged.  Whenthetemperaturewasraised 
to  a  point  at  which  phosphoric  acid  was  cleaved,  free  purines  were 
also  obtained.  Likewise,  when  subjected  to  "neutral  hydroly- 
sis'' the  cleavage  of  phosphoric  acid  was  always  accompanied  by 
the  appearance  of  free  purines  and  even  pyrimidines.  From  the 
mixture  no  nucleosides  could  be  isolated.  This  was  finally  accom- 
plished by  other  methods  which  will  be  described  elsewhere.  We 
have  been  led  to  conclude  that  the  instability  of  the  sugar  is  the 
cause  of  the  failure  of  chemical  methods.  Whereas  the  ribose 
nucleotides  on  hydrolysis  with  acids  3deld  strongly  reducing  mix- 
tures, the  th3nnu8  nucleic  acid  shows  but  the  weakest  reduction 
of  Fehling's  solution  after  hydrolysis.  That  portion  of  the  sugar 
which  has  been  cleaved  from  combination  is  converted  at  once 
into  levulinic  acid.    This  was  accomplished  by  boiling  only  two 

^  Ber.  d.  deuUeh.  ehem,  Gesellseh.,  xli,  p.  1905,  1906. 
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hours  with  2  per  cent  sulphuric  acid.  Levene*  has  ah*eady  iK>inted 
out  that  the  glucosidic  linking  in  this  acid  is  much  weaker  than 
that  in  the  yeast  nucleic  acid,  as  shown  by  the  ready  cleavage  of 
all  purines  in  the  former  by  boiling  in  dilute  acetic  acid. 


H     /n    b: 

HtC -C -C-C-C-C  -  Guanine 
I       O     H     O      O     H 
OH  H      H 

P-0 
0       l\,H       „ 

I       /h    h^ 

HtC-C  -  C-  C  -  C-  C  -  Thymine 
H      H     O       I      H 
H       I 
O 
H       I 
H      H     O       I      H 
H,C-C  -  C-C-C-C  -  Cytonne 

P-O 

HO-P-0^^ 

I 
OH  H     H 

I       O      H     O     O     H 

HiC  -C  -C-C-C-C  -  Adenine 

H        \H     H. 


On  the  other  hand  the  union  of  the  phosphoric  acid  in  the 
th3rmus  nucleic  acid  resembles  in  stability  that  of  the  inosinic 
acid.  Whereas  by  heating  with  dilute  ammonia  the  phosphoric 
acid  is  most  readily  removed  from  the  yeast  and  guanylic  acids, 
under  the  same  conditions  both  the  inosinic  and  thymus  nucleic 

*  Bioekem,  ZeiUchr.,  x,  p.  215,  1906. 
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acids  remain  unchanged.  The  inosinic  acid  is  decomposed  only 
by  neutral  hydrolysis,  a  condition  under  which  imfortunately 
the  glucosides  of  the  thymus  are  destroyed.  This  stability,  to- 
gether with  the  stability  of  the  pyrimidine  glucosides  which  is 
analogous  in  every  respect  to  the  conditions  foimd  in  the  yeast 
nucleic  acid,  has  enabled  us  to  obtain  by  partial  hydrolysis  with 
dilute  acid  intermediary  products  from  which  we  have  been  able 
to  construct  a  formula  representing  in  all  probability  the  struc- 
ture of  the  acid. 

It  has  been  assumed  by  many  that  the  nucleus  of  the  nucleic 
acid  is  a  pol3nphosphoric  acid  in  which  the  phosphoric  acid  mole- 
cules are  linked  together  in  an  anhydride  form.  As  is  well  known, 
the  acid  itself  is  stable  towards  alkali,  a  property  not  possessed  by 
anhydrides,  so  that  a  priori  such  a  structure  is  imlikely.  As  a 
matter  of  fact,  the  products  formed  upon  hydrolysis  of  the  acid 
are  incompatible  with  such  a  mode  of  linking.  As  developed  by 
the  present  investigation,  the  nucleic  acid  is  represented  by  the 
formula  on  preceding  page. 

The  two  pyrimidine  nucleotides  are  joined  together  presumably 
by  an  ether  linking  between  the  sugars.  Each  sugar  of  the  thy- 
mine and  cytosine  nucleosides  is  conjugated  with  a  secondary 
phosphoric  acid  and  then  i^gain  with  a  tertiary  phosphoric  acid 
which  in  turn  forms  a  bridge  between  the  pyrimidine  and  the 
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purine  nucleosides.  This  view  is  based  upon  the  following  facts. 
Upon  hydrolysis  of  the  nucleic  acid  with  2  per  cent  sulphuric 
acid  for  two  hours  the  purines  are  completely  removed  and  the 
sugar  originally  in  union  with  them  is  almost  completely  con- 
verted into  levulinic  acid.  This  was  readily  obtained  by  extrac- 
tion with  ether  and  identified  by  the  hydrasid  and  silver  salt. 
The  resulting  mixture,  as  described  below,  was  fractionated  with 
phosphotungstic  acid.  From  the  portion  not  precipitated  by  this 
reagent  the  crystalline  brucine  salts  and  barium  salts  of  a  hexo- 
cytidine  diphosphoric  acid  and  a  hexo-thymidine  diphosphoric 
acid  were  obtained  of  the  structure  given  on  preceding  page. 

Though  not  yet  proven,  we  consider  this  position  of  the  phos- 
phoric acids  on  the  sugars  probable,  because  of  the  great  stability 
shown  by  them;  a  condition  analogous  to  that  found  in  inosinic 
acid. 

From  the  phosphotungstic  fraction  we  have  succeeded  in  iso- 
lating a  dinucleotide  of  the  following  structure. 


Cytoeine 


In  all  these  formulae  no  significance  is  to  be  attached  to  the 
configuration  of  the  sugar  since  its  nature  has  not  yet  been  deter- 
mined. 

The  crystalline  brucine  salt  and  barium  salt  of  this  substance 
were  also  prepared  and  from  the  bariimi  content  shown  by  the 


Digitized  byVjOOQlC 


p.  A.  Levene  and  W.  A.  Jacobs  415 

analysis  we  must  conclude  that  each  phosphoric  acid  contains 
a  secondary  and  a  tertiary  hydroxyl  and  the  linking  between  the 
two  nucleotides  occurs  between  the  sugars  as  shown  above.  By 
fractionation  with  mercury  a  mixture  of  the  barium  salts  of  the 
simple  thymine  and  cytosine  nucleotides  was  obtained.  The  ex- 
perimental part  regarding  both  the  dinucleotide  and  the  simple 
nucleotides  will  be  described  in  a  subsequ^it  communication. 

BXPEBIMENTAL  PABT. 

Hydrolysis  of  the  nudeic  acid. 

Two  hundred  grams  of  nucleic  acid  (from  fish  sperm)  were 
heated  on  the  water  bath  in  3  liters  of  2  per  cent  sulphuric 
acid  until  solution  was  complete  and  then  boiled  for  two  hours 
under  a  reflux  condenser.  After  cooling  silver  oxide  was  added 
as  long  as  a  precipitate  of  purine  silver  separated  and  the  mixture 
was  allowed  to  stand  over  night.  The  filtrate  from  the  purine 
precipitate  was  then  treated  further  with  silver  oxide  until  a  drop 
of  the  solution  added  to  dilute  sodium  hydrate  gave  a  precipitate 
of  silver  oxide.  To  this  solution  a  warm  saturated  solution  of 
barium  hydrate  was  added  until  just  alkaline  to  litmus.  The 
precipitate  which  contained  the  silver  and  barium  compoimds  of 
the  nucleotides,  phosphoric  acid  and  free  pyrimidines,  was  rapidly 
filtered  by  suction  and  washed  well  with  water.  The  filtrate 
after  removal  of  silver  with  hydrogen  sulphide  gave  a  considerable 
test  with  orcin  and  copper,  and  slightly  reduced  Fehling's  solu- 
tion. After  removal  of  barium  from  this  with  sulphuric  acid  and 
concentration  to  a  small  bulk  we  were  able  to  precipitate  with 
basic  lead  acetate  and  bariiun  hydrate  a  small  amount  of  material 
from  which  a  bariiun  salt  was  prepared.  This  salt  reduced  Feh- 
ling's solution  and  contained  conjugated  phosphoric  acid.  The 
salt  so  obtained  is  presumably  the  bariiun  salt  of  the  hexose  phos- 
phoric acid  contained  in  the  nucleic  acid.  The  quantity  of  sub- 
stance which  was  still  quite  impure  was  too  small  to  purify  further. 

The  above  silver  barium  precipitate  was  decomposed  by  sus- 
pending in  a  slight  excess  of  dilute  sulphuric  acid  and  passing 
hydrogen  sulphide  through  the  mixture.  After  complete  decom- 
position the  filtrate  was  freed  from  hydrogen  sulphide  and  pre- 
cipitated by  mercuric  sulphate  solution.    The  heavy  precipitate 
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of  the  mercury  salt  of  the  mixed  nucleotides  was  filtered  and  well 
washed.  In  the  filtrate  are  contained  besides  free  phosphoric 
acid  the  simple  nucleotides  which  were  isolated  by  a  method  to 
be  described  later.  The  above  mercury  precipitate  was  suspended 
in  water  and  completely  decomposed  by  hydrogen  sulphide.  The 
mixture  was  neutralized  with  pure  barium  carbonate  and  th^ 
acidified  with  acetic  acid  to  keep  in  solution  some  of  the  nucleo- 
tides. The  filtrate,  after  concentration  to  a  small  volume,  was 
precipitated  by  several  voliunes  of  alcohol.  The  heavy  precipi- 
tate of  barium  salts  was  filtered,  washed  with  70  per  cent  alcohol, 
then  with  absolute  alcohol  and  ether  and  then  dried.  The  yield 
varied  from  50  to  75  grams.  The  mixture  so  obtained  was  dis- 
solved in  about  6-10  parts  water  and  the  barium  removed  with 
a  slight  excess  of  sulphuric  acid.  To  the  filtrate  50  per  cent 
sulphuric  acid  was  added  until  the  solution  contained  10  per  cent 
acid.  To  this  concentrated  phosphotungstic  acid  was  added  until 
precipitation  was  complete.  The  phosphotungstate  fell  as  a  heavy 
gummy  mass  to  the  bottom  and  filter  standing  a  while  at  20^  the 
clear  supernatant  liquor  was  poured  off.  The  phosphotungstate 
was  again  dissolved  in  several  voliunes  of  hot  water  and  again 
precipitated  by  addition  of  sulphuric  acid  to  10  per  cent.  The 
phosphotungstate  contained  the  dinucleotide  fraction.  The  two 
mother  liquors  were  joined  and  the  phosphotungstic  acid  shaken 
out  with  amy  I  alcohol .  The  solution  was  then  treated  with  barium 
hydrate  solution  imtil  just  alkaline  to  phenolphthalein,  agam 
acidified  with  acetic  acid,  filtered  and  concentrated  to  several 
hundred  cubic  centimeters.  For  further  purification  the  nucleo- 
tides were  precipitated  again  with  mercuric  sulphate  and  the 
mercuric  precipitate  decomposed  with  hydrogen  sulphide.  From 
the  filtrate,  after  removal  of  the  hydrogen  sulphide,  a  trace  of 
sulphuric  acid  was  removed  quantitatively  with  bariiun  hydrate. 
The  acidity  of  the  solution  was  then  determined  by  titration  and 
an  equivalent  amount  of  commercial  brucine  dissolved  in  alcohol 
was  added  to  the  mixture.  Though  crystallization  may  begin 
at  once,  the  whole  mixture  was  concentrated  in  vacuo  to  dryness 
and  the  residue  dissolved  in  a  sufficient  quantity  of  hot  85  per 
cent  alcohol.  On  cooling  the  mixture  crystallized  to  a  solid  mass. 
After  standing  twenty-four  hours  it  was  broken  up  with  a  glass 
rod;  filtered  and  washed  with  75  per  cent  alcohol.    The  brucine 
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salt  so  obtained  is  the  salt  of  the  hexo-thymidine  diphosphoric 
acid.  After  several  recrystallizations  from  hot  86  per  cent  alcohol 
it  is  pure. 

Hexo-thymidine  diphosphoric  <icid. 

As  so  prepared  the  neutral  or  tetrabasic  salt  crystallizes  in 
variegated  aggregates  of  long  microscopic  plates.  When  rapidly 
heated  in  a  capillary  tube  it  sinters  at  about  172^.  The  acid 
salts  crystallize  in  globular  aggregates  of  microscopic  needles  of 
higher  melting  point.  The  neutral  salt  is  practically  insoluble 
in  cold  water,  absolute  alcohol,  acetone,  chloroform  and  the  other 
neutral  organic  solvents.  In  hot  dilute  alcohol  and  hot  dilute 
acetone  it  is  fairly  easily  soluble. 

For  analysis  it  was  dried  in  vacuum  over  phosphorus  pentoxide 
at  110^. 

0.3358  gram  substance  gave  0.0375  gram  MgsPiOr. 

Calculated  for 
CuHiiNaOuFii .  4CitHMNi04:     Found: 
P 3.06  3.11 

For  conversion  into  the  barium  salt  the  brucine  salt  was  sus- 
pended in  water  in  a  separatory  fimnel,  an  excess  of  ammonia 
added  and  shaken  out  several  times  with  chloroform.  The  aque- 
ous solution  of  the  ammonium  salt  was  placed  in  a  distilling  flask, 
a  few  drops  of  phenolphthalein  added,  and  distilled  in  vcumo,  the 
receiving  flask  containing  dilute  sulphuric  acid.  During  the  dis- 
tillation a  saturated  solution  of  pure  barium  hydrate  was  added 
drop  by  drop  until  the  solution  remamed  on  continued  distillation 
just  alkaline  to  the  phenolphthalein.  After  the  removal  of  the 
ammonia  by  this  process  the  barimn  salt,  which  had  already  partly 
separated  upon  the  first  addition  of  barium  hydrate,  was  brought 
just  into  solution  by  the  addition  of  a  few  drops  of  acetic  acid, 
an  excess  being  avoided.  The  solution  was  then  brought  to  a 
boil.  The  barium  salt  which  is  more  insoluble  in  hot  than  in 
cold  water  separated  as  a  white  powder,  which  under  the  micro- 
scope appeared  as  globules  in  which  crystal  formation  was  hard 
to  discern.  The  salt  was  filtered  hot,  washed  with  hot  water, 
then  with  alcohol  and  ether  and  dried.  So  prepared  the  salt  is 
pure  for  analysis.    For  the  analysis  it  was  dried  in  vacuo  over 
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phosphorus  pentoxide  at  110^.    Many  samples  obtained  m  dif- 
ferent experiments  were  analyzed. 

0.1879  gram  substance  gave  0.1248  gram  COs;  0.0360  gram  HsO. 
0.1579  gram  substance  gave  0.0514  gram  MgiPtOr. 
0.1512  gram  substance  gave  0.0990  gram  BaSOi. 
0.1397  gram  substance  gave  0.00574  gram  N  (Kjeldahl). 
0.2425  gram  substance  gave  0.0101  gram  N  (Kjeldahl). 

CaloulftlMl  f or 
CuHuOuNbIVBm:  Found: 

C 18.44  18.12 

H 1.96  2.13 

I  II 

N 3.91  4.11    4.18 

P 8.66  9.06 

Ba 38.30  38.54 

For  the  optical  determination  0.346  gram  substance  was  disBolved  in  5 
cc.  of  ^  HCl.  Total  weight  of  solution,  5.533  grams.  In  2  dm.  tube  at 
30""  with  D-light  it  rotated  0.84''  to  the  right.  Calculating  the  specific  rota- 
tion of  the  free  acid  without  regard  to  the  specific  gravity, 

[a]^   =  +  10.86? 

When  the  strong  acetic  acid  solution  of  this  salt  is  concentrated 
slowly  on  the  water  bath  it  gradually  separates  as  a  white  crust 
which  under  the  microscope  is  seen  to  consist  of  aggregates  of 
colorless  needles.  When  exposed,  the  tertiary  salt  absorbs  carbon 
dioxide  from  the  air. 

The  free  acid  was  not  prepared  crystalline.  The  aqueous  solu- 
tion of  the  free  acid  is  precipitated  by  mercury  salts,  except  the 
chloride,  by  ammonium  molybdate  and  lead  acetate  as  well  as 
by  other  heavy  metals.  Phosphotungstic  acid  precipitates  it  as 
an  oil  in  concentrated  solutions  when  sulphuric  acid  is  added  to 
20-26  per  cent.  This  precipitate  is  soluble  in  water  and  pre- 
cipitated by  the  addition  of  strong  sulphuric  acid.  In  following 
the  method  given  above  for  the  removal  of  the  phosphotungstate 
fraction  containing  the  dinucleotide,  the  sulphuric  acid  content 
of  the  mixture  must  not  exceed  10  per  cent  to  avoid  precipitation 
of  this  thymine  complex  as  well  as  the  cytosine  complex  described 
below. 

Upon  hydrolysis  of  this  acid  with  10  per  cent  sulphuric  acid 
in  a  sealed  tube  at  125°  for  three  hours  the  phosphorus  is  com- 
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pletely  broken  off.    From  the  mixture  thymine  was  obtained  in 
typical  form  and  also  levulinic  acid. 

With  orcin  and  a  drop  of  copper  chloride  solution  the  character- 
istic test  for  hexoses  is  obtained,  but  the  green  color  is  of  con- 
siderably less  intensity  than  that  obtained  with  a  hexose  or  with 
the  original  nucleic  acid.  This  is  in  harmony  with  the  experience 
obtamed  with  the  pyrimidine  ribosides  obtained  from  the  yeast 
nucleic  acid.  As  seen  in  the  method  of  preparation  the  union  of 
the  pyrimidine  with  the  sugar  is  comparatively  stable,  and  no 
reducing  substances  are  obtained  upon  hydrolysis.  Also  bromine 
water  added  to  the  complex  is  instantly  decolorized  and  the  result- 
ing solution  reduces  Fehling's  solution.  Under  certain  conditions 
hydrogen  with  colloidal  palladium  was  found  to  reduce  the  com- 
pound. The  resulting  solution  gave  a  very  strong  orcin  test  and 
upon  hydrolysis  yielded  a  strongly  reducing  solution  containing 
a  phospho-sugar  and  a  dehydro-thymine.  From  these  facts  which 
agree  with  the  experience  obtained  by  Levene  and  Laforge'  with 
cytidine  and  uridine  from  the  yeast  nucleic  acid  we  conclude  that 
the  union  between  pyrimidine  and  sugar  is  of  the  ^ame  nature  in 
the  two  nucleic  acids,  i.e.y  a  simple  glucosidic  union. 

Hex(hcytidine  diphospharic  acid. 

The  mother  liquors  obtained  from  the  above  brucine  salt  when 
concentrated  to  small  volume  yield,  on  standing,  more  of  the  salt 
of  the  thymine  complex.  When  this  is  filtered  and  the  mother 
liquors  further  concentrated  and  treated  with  absolute  alcohol 
to  permanent  turbidity,  on  standing  several  days,  the  neutral 
brucine  salt  of  the  analogous  cytosine  complex  separates  in  long 
plates  with  pointed  ends  which  can  be  easily  seen  by  the  naked 
eye.  After  filtration  the  salt  is  dissolved  in  hot  95  per  cent  alcohol . 
On  standing  it  separates  as  large  prisms.  After  twenty-four  hours 
the  crystallization  is  complete.  This  salt  is  more  beautiful  than 
the  thymine  salt.  It  is  likewise  much  more  soluble  in  warm  alco- 
hol, even  in  hot  absolute  alcohol  in  which  the  thymine  complex 
is  very  little  soluble. 

For  the  analysis  it  was  again  recrystallized  and  dried  in  vacuo 
over  phosphorus  pentoxide  at  110^. 

*  Ber.  d,  deuUck.  chem.  GeseUaeh.,  xlv,  pp.  606-20. 
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0.2839  gram  substance  gave  0.0368  gram  MgiPsO?. 

0.4878  gram  substance  gave  33.2  cc.  N  (29'',  767  mm.). 

Caleulaied  f or 
CifHuNaOnlH .  4CbHMNsO«:      Found: 

P 3.09  3.56 

N 7.66  7.46 

For  the  preparation  of  the  barium  salt  the  method  described 
above  for  the  thymine  complex  was  used.  It  is  also  more  insoluble 
in  hot  water  than  in  cold  water  and  advantage  was  taken  of  this 
fact  for  the  preparation  of  the  pure  neutral  salt.  For  analysis 
it  was  dried  in  vacuo  over  phosphorus  pentoxide  at  110^. 

0.1922  gram  substance  gave  0.1203  gram  COi;  0.0430  gram  HsO. 

0.1484  gram  substance  gave  0.0085  gram  N  (Kjeldahl) . 

0.1877  gram  substance  gave  0.0107  gram  N  (Kjeldahl) . 

0.3681  gram  substance  gave  5.25  cc.  amino  N  (22.5°,  752  mm.). 

0.1730  gram  substance  gave  0.1162  gram  BaSOi. 

0.1507  gram  substance  gave  0.0493  gram  MgiPsOr. 

CdeuUiedfor 
CifHuNaOttlSBai:      Found: 

C 17.08  17.06 

H 1.85  2.49 

N 5.96  5.71 

Amino  N 1.99  1 .59 

P 8.82  9.11 

Ba 39.00  39.55 

The  salt  was  obtained  only  as  an  amorphous  powder.  For  the  optical 
determination  0.3793  gram  dried  substance  was  dissolved  in  4  cc.  n  hydro- 
chloric acid  solution.  Total  weight  of  solution,  4.427  grams.  In  a  2  dm. 
tube  with  D-light  it  rotated  at  25'',  3.29""  to  the  right.  Calculating  for  the 
free  acid  and  without  regard  for  the  specific  gravity, 

[af*. +31.45? 

The  free  acid  resembled  closely  in  its  behaviorthatof  the  thymine 
complex  toward  precipitants  and  reagents.  It  is  likewise  not 
more  easily  precipitated  by  phosphotungstic  acid.  The  difference 
in  solubility  of  the  brucine  salts  is  the  only  method  of  which  we 
now  know  which  will  accomplish  a  separation  of  the  two  adds. 

From  this  acid  levulinic  acid  and  cytosine  were  obtained.  The 
latter  was  analyzed  as  the  picrate. 

0.1403  gram  substance  gave  30.9  cc.  N  (27^  764  mm.). 

CalculAtod  f or 
CtHiNiO .  GiHs(NOi)«OH:     Fbond: 
N 24  62  24.32 
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ON  GUANTLIC  ACID. 

81ICOND  PAPSR.l 

Bt  p.  a.  LEVBNE  and  W.  A.  JACOBS. 
(Prom  the  Rockefeller  InetittUe  for  Medical  Reeearck,  New  York.) 

(Received  for  publication,  July  19, 1912.) 

Guanylie  acid  undoubtedly  belongs  to  the  group  of  simpler 
substances  of  that  class.  Its  molecule  contains  only  one  base, 
guanine,  and  one  carbohydrate,  d-ribose.  These  two  substances 
are  combined  through  a  glycosidic  linking  as  guanosine.  There 
is,  however,  still  a  lack  of  agreement  in  the  minds  of  individual 
investigators  as  to  the  degree  of  its  simplicity.  The  latest  publi- 
cation on  the  subject  is  that  by  Bang'  in  1910.  In  this  article 
the  author  attacks  with  great  ardor  and  considerable  bitterness 
the  view  of  those  workers  who  regard  guanylie  acid  as  a  simple 
nucleotide.  According  to  Bang,  guanylie  acid  in  its  structure  is 
analogous  to  thymus  nucleic  and  not  to  inosinic  acid.  The  very 
lengthy  argument  of  the  author  is  based  on  the  results  of  the 
ultimate  analysis  of  various  amorphous  salts  of  guanylie  acid  and 
on  the  property  of  the  salts  to  gelatinize.  However,  guanosine — 
a  simple  guanine-pentoside — shares  with  guanylie  acid  the  property 
of  gelatinizing  when  it  contains  only  a  slight  proportion  of  mineral 
impurity.  Also  the  argument  of  the  elementary  analysis  is  not 
very  convincing  for  the  reason  that  in  the  publication  of  Bang  no 
evidence  was  offered  to  prove  the  purity  of  the  analyzed  acids. 
It  is  true  that  the  opposing  investigators  have  not  yet  succeeded 
in  presenting  analytical  data  of  such  a  nature  as  to  render  their 
contentions  absolutely  convincing. 

Several  years  ago  the  method  of  preparation  of  the  acid  was 
considerably  simplified  by  us  and  we  had  hoped  to  be  in  a  position 


^  Ber.  d.  detUech,  chem.  Oesellech.,  xlii,  p.  2469,  1909. 
*  Biochem.  ZeiUchr.,  xxvi,  p.  293,  1910. 
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to  obtain  the  substance  in  that  degree  of  purity  which  would 
permit  us  to  clear  up  the  disputed  points  in  the  structure  of  the 
substance.  Pressure  of  other  work  caused  the  delay  of  the  under- 
taking and  only  very  recently  have  we  been  in  a  position  to  again 
direct  oiur  eSoria  to  the  work  on  guanylic  acid. 

It  is  now  possible  to  obtain  the  substance  in  the  form  of  a 
pure  crystalline  brucine  salt.  The  process  that  led  to  the  prepa- 
ration of  this  salt  was  complex.  The  acid  was  originally  obtained 
directly  from  pancreas  glands  as  an  impiure  lead  salt.  This  was 
transformed  into  an  acid  sodium  salt.  The  latter  salt  was  further 
purified  as  a  mercury  salt.  The  advantage  of  the  last  purification 
lay  in  the  fact  that  a  solution  of  mercuric  sulphate  forms  a  mer- 
curic salt  of  guanylic  acid  insoluble  in  dilute  acids.  Thus  a  means 
is  given  by  which  all  other  bases  may  be  removed  from  the  mercu- 
ric salt.  A  solution  of  the  free  acid  can  be  easily  obtained  from 
the  mercuric  salt.  In  that  condition  guanylic  acid  showed  no 
tendency  to  gelatinise.  The  add  in  this  solution  was  easily 
transformed  into  the  crystalline  brucine  salt  and  was  analysed  as 
such.  The  brucine  salt  was  then  transformed  into  the  neutral 
bariiun  salt  and  this  again  analyzed.  The  analysis  of  the  two 
last  named  salts  permitted  us  to  formulate  the  composition  of 
guanylic  acid  as  QoHuNiOsP  or  as  a  mononucleotide.  As  a 
polynucleotide  is  formed  through  the  process  of  anhydride  forma- 
tion, the  polynucleotide  hypothesis  of  the  structure  of  guanylic 
acid  requires  values  of  carbon,  nitrogen  and  phosphorus  higher 
than  those  actually  found. 

On  the  basis  of  this  the  following  constitution  may  be  ascribed 
to  guanylic  acid: 

yOH 

P— OH 

IN) 
H   O    ^ 

H    O     I 

HOHiC-C-C-C-C-C,H4NtO 

vH    H  H 

/ 
O 

The  substance  is  optically  active,  showing  [a]^  =  —  1.27*  in 
hydrochloric  acid  solution. 
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There  is  some  basis  for  the  assumption  that  the  structure  of 
guanylic  acid  is  not  identical  with  that  of  inosinic  acid.  There 
apparently  exists  a  difference  in  the  union  between  phosphoric 
acid  and  the  carbohydrate  in  these  acids  analogous  to  the  differ- 
ence in  the  union  between  phosphoric  acid  and  the  nucleosides 
of  the  two  more  complex  acids,  namely,  that  of  the  thymus  and 
of  the  yeast  nucleic  acid.  Both  guanylic  and  yeast  nucleic  acid 
permit  the  detaching  of  phosphoric  acid  quite  readily,  whereas 
in  the  inosinic  and  in  the  thymus  nucleic  acid  the  same  reaction 
is  accomplished  with  great  difficulty.  This  difference  is  probably 
due  to  a  difference  in  the  position  of  the  phosphoric  acid  on  the 
sugar.  When  hydrolyzed  under  the  same  conditions  employed 
for  the  preparation  of  ribose  phosphoric  acid  from  inosinic  acid, 
the  phosphoric  acid  was  completely  cleaved  from  guanylic  acid. 
We  have,  therefore,  as  yet  been  imable  to  obtain  definite  evidence 
regarding  the  position  of  the  phosphoric  acid  on  the  sugar. 

Preparation  of  the  crude  gtiahylic  acid. 

The  glands  were  trimmed  and  passed  through  a  hashing  machine. 
They  were  suspended  in  water,  which  was  brought  to  a  boil  and 
to  the  mixture  was  added  potassium  acetate  in  substance  enough 
to  make  the  concentration  5  per  cent. 

When  the.mixtiure  cooled  down  to  about  65^  enough  sodium 
hydrate  was  added  to  make  its  concentration  5  per  cent.  This 
mixture  was  allowed  to  stand  over  night,  when  it  was  neutralized 
by  means  of  picric  and  acetic  acids  as  long  as  a  precipitate  formed. 
The  precipitate  was  then  removed  by  filtration  and  to  the  filtrate 
a  25  per  cent  solution  of  neutral  lead  acetate  was  added.  The 
mixture  was  brought  to  a  boil  and  filtered.  To  the  filtrate  more 
lead  acetate  and  ammonia  were  added  as  long  as  a  precipitate 
formed.  This  precipitate  contsuned  guanylic  acid  and  guanosine. 
To  obtain  the  guanylic  acid  the  substance  was  suspended  in  hot 
water  and  transferred  to  flasks  immersed  in  a  hot  water  bath. 
A  stream  of  hydrogen  sulphide  was  passed  through  the  mixture. 
The  lead  sulphide  was  ultimately  removed  by  filtration  and  the 
filtrate  concentrated  to  small  volxune.  It  was  then  rendered 
alkaline  by  means  of  ammonia  and  precipitated  with  a  large  excess 
of  95  per  cent  alcohol.    This  was  done  in  order  to  remove  the 
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guanosine  which  remamed  in  the  solution,  the  mixed  ammonium 
and  sodium  salts  of  guanylic  acid  remaining  in  the  precipitate. 
The  precipitate  was  then  dissolved  in  hot  water  and  placed  in 
the  refrigerator  where  the  acid  salt  of  guanylic  acid  settled  out  as 
a  gelatinous  mass  which  was  filterable  without  much  difficulty. 

In  the  early  part  of  the  work  attempts  were  made  to  obtain 
crystalline  sodium  salts  of  this  substance.  The  experiments  were 
in  a  way  successful  but  were  later  abandoned  when  a  more  con- 
venient method  for  purification  of  the  crude  guanylic  acid  wa» 
devised. 

Purificatum  of  the  crude  gtumyJic  add. 

The  crude  guanylic  acid  was  suspended  in  water  and  sulphuric 
acid  added  until  solution  was  complete.  A  solution  of  mercuric 
sulphate  was  then  added  as  long  as  a  precipitate  formed.  This 
was  filtered  and  washed  well  with  hot  water.  The  precipitate 
was  well  suspended  in  water  and  completely  decomposed  by  hydro- 
gen sulphide.  .The  mercuric  sulphide  was  filtered  off  and  a  slight 
trace  of  free  sulphuric  acid  in  the  filtrate  removed  quantitatively 
with  barium  hydrate.  The  solution  so  prepared,  containmg  the 
practically  pure  acid,  contrary  to  that  of  the  crude  material,  does 
not  gelatinize.  The  addition  of  small  quantities  of  alkali  causes 
gelatinization.  For  isolation  the  acid  was  first  converted  into 
the  brucine  salt. 

Brucine  salt  of  gtuinylic  add. 

For  this  purpose  the  acidity  of  the  solution  was  determined  by 
titration  and  an  equivalent  amount  of  commercial  brucine  dis- 
solved in  a  little  alcohol  was  added.  Crystallization  began  at 
once.  Under  the  microscope  the  salt  appeared  as  rosettes  of  thin 
colorless  rectangular  plates.  On  longer  standing  in  the  ice  box 
more  of  the  salt  crystallized  in  long  thin  plates  which  were  visible 
to  the  naked  eye.    The  salt  was  filtered  and  dried. 

It  is  very  difficultly  soluble  in  cold  water,  alcohol  and  other 
neutral  organic  solvents.  It  is  more  soluble  in  hot  water  and  hot 
dilute  alcohol .  Thirty  per  cent  alcohol  is  best  for  recrystallization. 
It  crystallizes  completely  from  this  only  on  long  standing.    So 
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prepared  it  is  pure  for  analysis.    For  analysis  it  was  dried  in 
vacuum  over  phosphorus  pentoxide  at  110**. 

0.2852  gram  Bubstance  gave  29.6  cc.  N  at  31'',  756  mm. 
0.3102  gram  substance  gave  0.0296  gram  MgsPtOr. 


N. 
P. 


Ci.Hi«NK)ftP.2aiH»NiO«: 

Found: 

10.94 

11.00 

2.60 

2.65 

Barium  soli  of  guanylic  acid. 

For  further  characterization  the  barium  salt  was  prepared. 
For  this  purpose  the  ammonixmi  chloroform  method  described  in 
the  article  on  the  thymus  nucleic  acid  was  employed.  The  aque- 
ous solution  of  the  ammonium  salt  was  then  converted  by  dis- 
tillation with  bariiun  hydrate  into  the  barium  salt.  The  barixmi 
salt  remained  as  a  difficultly  soluble  residue.  When  the  barium 
was  over  added  a  basic  salt  was  formed  which  analysis  showed  to 
have  approximately  two  molecules  of  barium. 

The  second  bariimi  is  probably  contained  in  the  guanine  nucleus 
since  this  is  known  to  form  a  barium  salt.  This  basic  salt  is  more 
soluble  in  water  than  the  neutral  salt  and  reacts  strongly  alkaline. 
The  difficulty  of  obtaining  this  pure  caused  us  to  prepare  the 
neutral  salt.  For  this  purpose  the  above  mixture  was  freed  quanti- 
tatively from  barium  with  sulphuric  acid  and  the  clear  filtrate 
obtained  treated  with  piu-e  barium  hydrate  solution  until  just 
neutral  to  phenolphthalein.  The  neutral  bariimi  salt  settled  at 
once  as  a  difficultly  soluble  white  amorphous  powder.  It  was 
filtered,  washed  rapidly  with  water,  then  successively  with  alcohol 
and  ether  and  dried. 

Fo]>  the  analysis  it  was  dried  in  vacuo  over  phosphorus  pent- 
oxide  at  110^. 

0.2218  gram  substance  gave  0.1944  gram  COt;  0.0559  gram  HsO. 
0.2286  gram  substance  gave  0.0321  gram  N  (Ejeldahl). 
0.2367  gram  substance  gave  0.0333  gram  N  (Kjeldahl). 
0.2257  gram  substance  gave  0.0492  gram  MgsPsOy. 
0.2119  gram  substance  gave  0.0935  gram  ash  (BaiPsOr). 


raa  JOUBNAL  or  bxolooioal  cHaiimniT,  tol.  zxi,  no.  3. 
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Calculated  for 
CifHuNiOU'Ba:  Found: 

C 24.10  23.91 

H 2.41  2.80 

I  II 

N 14.06  14.06  14.05 

P 6.22  6-07 

Ba,P,0, 44.08  44.12 

When  exposed  to  the  air  it  absorbs  carbon  dioxide. 

For  the  optical  determination  of  the  pure  guanylic  acid  the  barium  salt 
was  dissolved  in  acid.  0.3075  gram  dry  substance  was  dissolved  in  4  ce. 
of  N  HCl.  Total  weight  of  the  solution,  4.347  grams.  In  a  2  dm.  tube  with 
D-light  at  25''  it  rotated  O-IS"*  to  the  left.  Calculating  for  the  free  acid  and 
without  regard  for  the  specific  gravity, 

M„    --1-27° 
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ON  THE  PREPARATION  OF  GLUCOSIDES. 

By  W.  a.  JAC0B8. 
(From  the  Rockefeller  Institute  for  Medical  Researchf  New  York,) 

(Received  for  publication,  July  19,  1912.) 

For  the  preparation  of  the  glucosides  of  sugars  two  general 
methods  have  been  devised  by  Fischer.^  In  one,  the  alcoholic 
solution  or  suspension  of  the  sugar  is  saturated  with  hydrochloric 
acid.  From  the  resulting  mixture  the  hydrochloric  acid  is  neutral- 
ized with  barium  carbonate  and  removed  as  barium  chloride. 
But  the  great  expenditure  of  time  and  labor  required  by  the 
repeated  concentrations  and  extractions  with  alcohol  led  Fischer 
to  devise  a  second  method.'  In  this  the  sugar  and  alcohol  are 
heated  with  a  small  amount  of  dry  hydrochloric  acid  for  thirty  to 
fifty  hours  and  the  small  amount  of  hydrochloric  acid  removed  by 
silver  oxide.  In  this  method  the  reaction  is  not  complete  and 
moreover  requires  several  days. 

In  the  work  which  required  the  preparation  of  large  quantities 
of  these  compounds,  we  were  led  to  a  simple  modification  of 
Fischer's  first  method'which  enabled  us  to  prepare  the  glucosides 
Avithin  a  day  and  in  good  yield.  This  device  was  used  in  one 
instance  by  Fischer  himself,'  but  was  not  recommended  as  a 
general  method.  As  it  may  be  found  of  service  to  other  workers 
the  method  is  described  here  in  detail: 

The  solution  or  suspension  of  one  part  of  the  powdered  sugar 
in  ten  parts  of  the  dry  alcohol  is  saturated  with  hydrochloric 
acid  with  cooling  as  in  Fischer's  first  method.  After  standing 
one  hour  all  reducing  power  disappears.  The  mixture  is  then 
concentrated  to  one-fourth  its  volume  in  vacuo  at  20®  and  then 

^  Ber.  d,  detUach.  chem,  OeeeUech,,  xxvi,  p.  2400. 

*/6td.,  xxviii,  p.  1146.  ^  i 

*nrid.,    XXVii,    p.   2484.  Digitized  by  V^OOglC 
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poured  into  ordinary  alcohol  containing  a  few  cubic  centiineter« 
of  acetic  acid.  The  excess  of  hydrochloric  acid  is  removed  by 
adding  a  fine  suspension  of  pure  lead  carbonate  in  a  little  water 
until  the  mixture  no  longer  reacts  acid  to  congo  paper.  The 
filtrate,  after  treatment  with  hydrogen  sulphide,  is  then  concen- 
trated in  vacuo  and  the  glucosides  isolated  as  usual. 
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A   NOTE   ON  THE   REMOVAL    OF   PHOSPHOTUNGSTIC 
ACm  FROM  AQUEOUS  SOLUTIONS. 

By  W.  a.  JACOBS. 
{From  the  Rockefeller  InetxttUe  for  Medical  Research,  New  York.) 

(Received  for  publication,  July  19,  1912.) 

For  the  removal  of  the  excess  of  phosphotungstic  acid  from  the 
mother  liquor,  after  the  precipitation  of  phosphotmigstates  from 
aqueous  solutions,  the  usual  procedure  is  precipitation  with  barium 
hydrate.  The  precipitate  formed  is  generally  very  voluminous 
and  where  the  mother  liquor  contains  valuable  material  the  loss 
through  adsorption  is  apt  to  be  great.  Winterstein  has  already 
pointed  out  that  this  diflSculty  may  be  overcome  by  shaking  out 
the  solution  with  ether.  In  this  method  a  mechanical  difficulty 
enters  since  the  solution  separates  into  three  layers,  the  lowest 
being  an  oily  layer  of  ether  dissolved  in  phosphotungstic  acid,  a 
middle  aqueous  layer  and  a  top  ethereal  layer.  The  lowest  layer 
disappears  after  several  shakings  but  the  operation  must  still  be 
repeated  many  times  and  complete  removal  of  the  phosphotimgstic 
acid  is  not  assured.  In  amyl  alcohol  was  found  a  means  of  quickly 
attaining  this  end.  The  partition  coefficient  of  phosphotungstic 
acid  between  water  and  amyl  alcohol  is  enormously  in  favor  of 
the  latter  so  that  if  sufficient  amyl  alcohol  is  employed  after  allow- 
ing time  for  complete  separation  of  the  layers  practically  all  the 
phosphotUAgistic  acid  is  removed  by  one  shaking.  If  the  alcohol 
is  added  in  small  portions  the  amyl  alcohol  phosphotungstic 
mixture  settles  as  an  oil.  When  this  is  repeated  with  fresh  amyl 
alcohol  once  or  twice,  depending  upon  the  amount  of  phospho- 
tungstic acid  present,  the  amyl  alcohol  finally  floats  on  the  top. 
The  phosphotungstic  acid  is  then  completely  removed  from  the 
aqueous  solution. 

When  this  method  is  to  be  employed  one  must  be  assured  that 
the  substances  sought  in  the  aqueous  solution  are  not  soluble  in 
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amyl  alcohol.  If  this  is  the  case,  the  addition  of  ether  to  the 
amyl  alcohol,  even  to  80  per  cent, may  reduce  thissolubility  without 
impairing  the  usefulness  of  the  alcohol  as  an  extracting  agent 
for  phosphotungstic  acid.  In  some  cases  where  phosphotungstates 
themselves  are  soluble  in  hot  or  cold  water  we  have  been  able  to 
decompose  them  by  this  means  with  a  great  saving  of  time,  labor 
and  material. 
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PROTEIN  METABOLISM  IN  EXPERIMENTAL  DIABETES. 

By  a.  I.  RINGER. 

(From  the  Department  of  Physiological  Chemistry  of  the  University  of 
Pennsylvania,) 

(Received  for  publication,  July  27,  1912.) 


One  of  the  most  striking  phenomena  in  experimental  diabetes 
is  the  very  marked  rise  in  the  protein  catabolism.  Minkowski/ 
Hedon*  and  Falta'  called  attention  to  it  in  cases  of  depancreatized 
animals.  Lusk*  and  his  pupils  showed  it  to  exist  in  phlorhizin 
glycosuria.  The  increase  in  the  protein  catabolism  above  the  star- 
vation requirements  has  been  found  by  Lusk  to  be  from  400  to  560 
per  cent  in  dogs  and  238  per  cent  in  a  goat. 

In  pancreatic  diabetes  as  well  as  in  phlorhizin  glycosuria,  the 
amount  of  glucose  in  the  urine  bears  a  fairly  constant  relationship 
to  the  nitrogen.  Depancreatized  dogs  3rield  approximately  2.8 
grams  of  glucose  to  every  gram  of  nitrogen.  Phlorhizinized  her- 
bivorous animals  eliminate  glucose  and  nitrogen  in  approximately 
the  same  ratio.  Dogs,  however,  present  a  much  higher  ratio,  3.6 
to  1. 

From  experiments  by  Lusk,*  Arteaga,*  Cremer^  and  others,  we 
note  that  in  herbivorous  animals,  during  phlorhizin  diabetes,  the 
protein  metabolism  does  not  rise  as  much  above  the  starvation 
requirements  as  it  does  in  the  dog,  which  3rields  a  higher  D:N  ratio. 

*  Minkowski:  Arch,  f.  exp.  PcUhoL  u.  Pharm.,  xxxi,  p.  149,  1893. 

*  Hedon:  Arch.  d.  PhysioL,  5th  series,  iv,  p.  258,  1892. 

•  Falta,  Grote  und  St&helin:  Beitr.  z.  chem.  Physiol,  u.  Palh.^  x,  p.  199, 
1907. 

^Graham  Lusk:  Zeitschr.  f.  Biol.,  xxxvi,  p.  82,  1898;  Reily,  Nolan  and 
Lusk:  Amer.  Joum.  of  Physiol.,  i,  p.  397,  1898. 
*Lusk:  loc,  cit. 

•  Arteaga:  Amer.  Joum.  of  Physiol.,  vi,  p.  173,  1901. 
'Cremer:  MUnch.  med.  Wochenschr.,  xl,  p.  274,  1893. 
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In  the  experiments  reported  below  an  attempt  was  made  to  find 
the  factors  that  govern  the  protein  metabolism  in  phlorhizin 
glycosuria. 

TABLBL 
Twtniy'fovT'howr  perioda. 


nuoo 

WBIOBT 

TOTAX. 
MXTKOaBir 

MRmoonr 

PBBHOUB 

TOTAL 
OLUOOBB 

QLUOOa 
PBBHOim 

D:N 

BSKABXi 

I 

11.02 

2.66 

0.111 

Fasting. 

II 

11.28 

6.63 

0.276 

34.61 

1.44 

5.22 

Phiorhiiin. 

III 

10.70 

8.12 

0.340 

34.64 

1.44 

4.27 

Phlorhixin. 

IV 

10.40 

9.68 

0.403 

34.94 

1.46 

3.60 

Phlorhisin. 

V 

10.00 

8.47 

0.353 

31.68 

1.32 

3.74 

Phlorhisin. 

VI 

9.75 

9.64 

0.402 

31.44 

1.31 

3.26 

Phlorhisin. 

VII 

9.40 

7.46 

0.311 

25.92 

1.08 

3.47 

Phlorhisin. 

The  results  in  table  I  represent  the  course  of  a  typical  phlor- 
hizin experiment.  It  is  one  record  of  a  great  many.  The  animal 
was  allowed  to  fast  for  three  days  prior  to  the  administration  of  the 
phlorhizin.  Period  I  is  the  third  fasting  day.  Banning  with  the 
morning  of  the  second  period,  phlorhizin  in  two-gram  doses,  dis- 
solved in  25  cc.  of  warm  1.5  per  cent  NasCO^  solution  was  adminis- 
tered subcutaneously  three  times  per  day.  The  animal  fasted 
throughout  the  course  of  the  entire  experiment. 

During  the  first  period  the  animal  eliminated  2.66  grams  of 
nitrogen.  From  experiments  on  starving  normal  animalH  we  know 
that  the  elimination  of  a  similar  amount  of  nitn^^  per  day  would 
have  kept  up  had  no  phlorhizin  been  given.  The  administration 
of  phlorhizin  resulted  in  the  immediate  appearance  of  glycosuria 
and  in  a  concomitant  rise  in  the  protein  metabolism.    This  took 

TABLE  n. 
Experiment  by  Lttsk:  Amer,  Journ,  of  PhysioL,  i,  p,  397. 


PBUOD 

WBIOHT 

TOTAL 
MITROOSN 

NITROOBN 
PBB  HOUR 

0.168 

TOTAL 
OLUCOBB 

QLUCOBB 
PER  HOUR 

D:N 

RBMABD 

I 

21.4 

4.04 

Fasting. 

II 

4.17 

0.174 

Fasting. 

III 

12.66 

0.627 

63.55 

2.65 

5.02 

Phlorhisin. 

IV 

18.76 

0.782 

66.30 

2.72 

3.38 

Phlorhisin. 

V 

20.1 

18.57 

0.774 

65.84 

2.74 

3.54 

Phlorhisio. 

VI 

17.29 

0.720 

64.80 

2.70 

3.74 

Phlorhisin. 

Digitized  byVjOOQlC 


A.  I.  Ringer 


433 


TABLE  m. 
Dog  19. 


DATB 

1 

1 

1 

1^ 

"I 

1^ 

Sh 

13 

D:N 

tmUAMKB 

April,  1912 

(Third 

8 

starving 

day)..... 

I 

12.79 

4.0 

0.388 

0.097 

Normal  and 

starving. 

8 

II 

16.25 

1.83 

0.1126 

Normal  and 
starving. 

9 

III 

3.0 

0.456 

0.152 

4.44 

1.48 

9.76 

Phlorhixin 
administra- 
tion com- 
menced. 

9 

IV 

3.0 

0.490 

0.163 

4.016 

1.335 

8.20 

9 

V 

3.0 

0.635 

0.2116 

3.55 

1.183 

5.6 

9 

VI 

3.0 

0.777 

0.259 

3.65 

1.22 

4.7 

9 

VII 

12.0 

3.82 

0.319 

10 

VIII 

12.41 

3.0 

1.035 

0.345 

3.85 

1.29 

3.72 

10 

IX 

3,0 

1.145 

0.382 

3.79 

1.26 

3.32 

10 

X 

3.0 

1.195 

0.398 

3.77 

1.26 

3.16 

10 

XI 

3.0 

1.15 

0.383 

3.80 

1.27 

3.3 

10 

XII 

12.0 

4.94 

0.412 

15.18 

1.26 

3.07 

n 

XIII 

12.35 

3.0 

1.25 

0.416 

4.011 

1.337 

3.21 

Experiment  continued  for  other  purpose. 


place  gradually  until  it  reached  its  highest  level,  on  the  third  day, 
when  Lusk's  D:N  ratio  became  established.  If  uninfluenced  by 
external  factors,  it  remains  at  that  high  level  until  shortly  before 
death,  when  it  declines  slightly. 

In  table  II  an  experiment  is  reproduced,  which  was  published 
by  Reilly,  Nolan  and  Lusk^  about  fifteen  years  ago.  Its  object 
here  is  to  illustrate  the  similarity  of  the  behavior  of  dogs  of  dif- 
ferent sizes. 

In  table  III  a  detailed  study  is  presented  of  the  nitrogen  and 
glucose  metabolism  during  the  first  two  days  of  phlorhizin  glyco- 
suria.   In  this,  as  in  all  other  phlorhizin  experiments,  it  is  to  be 


*  Reiily,  Nolan  and  Lusk:  loe,  ciL 
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noted  that  the  glucose  elimmation  runs  fairly  constant  throughout 
the  course  of  the  experiment.  The  nitrogen,  however,  is  a  very 
variable  factor,  and  it  is  always  the  variable  factor  in  the  D:N 
quotient. 

Before  we  attempt  to  further  discuss  the  causes  of  this  peculiar 
rise  in  the  protom  metabolism,  it  will  be  well  to  review  the  theori^ 
advanced  in  explanation  of  the  mechanism  of  phlorhizin  glycosuria. 

II. 

Von  Mering,'  in  his  early  experiments  on  phlorhizin  glycosuria, 
found  a  concentration  of  0.09,  0.095  and  0.082  per  cent  of  ^ucose 
in  the  blood  of  dogs  which  excreted  6.6,  9.2  and  8.6  per  cent  of 
glucose  in  the  urine.  He  demonstrated  that  h3rperglycaemia  was 
not  a  necessary  factor  in  the  production  of  glycosuria,  and  suggested 
that  the  kidney  might  be  the  seat  of  the  changes  brought  about  by 
the  phlorhizin.  Minkowski^^  corroborated  the  findings  of  Vod 
Mering  and  also  showed  that  sdter  the  administration  of  phlorhizin, 
there  was  a  decided  decrease  in  the  sugar  concentration  of  the  blood, 
and  that  nephrectomy  was  not  followed  by  an  increase  in  the  ^u- 
cose  concentration.  These  findings  practically  paved  the  way  for 
the  classical  experiments  of  Zimtz.^^  He  injected  some  phlor- 
hizin in  the  renal  artery  of  one  side  and  was  able  to  demonstrate 
the  appearance  of  glycosuria  on  that  side  some  time  before  it 
appeared  on  the  other.  It  took  fully  half  an  hour  before  the  quan- 
tity of  glucose  eliminated  on  the  second  side  equalled  that  of  the 
first.  This  work  was  further  strengthened  by  the  results  of  Biedl 
and  Kolisch/*  in  which  they  demonstrated  the  fact  that  the  perfused 
extirpated  kidney  becomes  permeable  to  sugar  after  the  addition 
of  phlorhizin. 

If  the  kidneys  were  not  the  only  seat  of  attack  of  the  phlorhi- 
zin, and  if  phlorhizin  per  se  had  any  influence  on  the  sugar  burning 
capacity  of  the  cells  of  the  body,  nephrectomy  should  have  been 
followed  by  a  rise  in  the  glucose  concentration  of  the  blood,  as  is 

» Von  Mering:  Zeilschr,/.  klin,  Med,,  xvi,  p.  433,  1880. 
*®  Minkowski:  loc.  dt. 

"  Zuntz:  Du  Bois-Reymond^s  Archiv  f,  Physiol,  1885,  p.  570. 
*2  Biedl   and   KoHsch:  Verhand.   d.   18ten  Kongresses  f.  innere  Meditin, 
p    573,  1900. 
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the  case  in  pancreatic  diabetes  (Minkowski,  et  al.).  This,  however, 
did  not  take  place. 

O.  Loewi,**  employing  a  very  clever  method  of  experimentation, 
arrived  at  the  conclusion  that  in  normal  animals  the  glucose  does 
not  exist  in  the  blood  in  a  free  crystalloidal  form,  but  combined 
with  one  of  the  colloids.  This  colloidal  combination  cannot  pass 
the  kidney  membrane.  The  phlorhizin  affects  the  cells  of  the 
tubules  of  the  kidneys  in  such  a  way  as  to  bring  about  a  dissocia- 
tion of  the  glucose  from  the  colloids.  The  glucose  is  then  secreted 
into  the  tubules.  There,  by  its  power  of  adsorption,  it  holds  on, 
and  thus  prevents  the  reabsorption  by  the  tubules  of  the  water 
which  has  been  filtered  through  the  glomeruli,  resulting  in  a  "pas- 
sive" diuresis. 

Loewi's  conclusions  do  not  stand  unchallenged.  Michaelis  and 
Rona,^^  and  Rosenfeld  and  Ascher"  do  not  believe  that  the  sugar 
circulates  in  the  blood  in  a  combined  state.  However  this  may  be, 
as  far  as  our  present  means  of  investigation  go,  the  fact  stands 
proven  that  the  kidneys  are  the  only  or  at  least  the  most  important 
seat  of  attack  of  the  phlorhizin.  The  character  of  the  attack,  how- 
ever, is  still  in  the  domain  of  speculation. 

Normally,  when  sugar  is  fed  to  an  animal,  there  is  an  increase  in 
the  concentration  of  the  glucose  in  the  blood.  There  is  an  increase 
in  the  process  of  diffusion  of  glucose  from  the  blood  to  the  cells  of 
the  body,  where  it  is  either  oxidized  or  converted  into  the  still  more 
stable  form  of  glycogen,  to  await  further  need.  The  concentra- 
tion in  the  blood  then  comes  down  to  its  normal  level. 

In  starvation,  the  process  is  reversed.  The  stream  of  diffusion  is 
in  the  opposite  direction  to  maintain  the  concentration  of  glucose  in 
the  blood,  which  undoubtedly  always  tends  to  sink,  because  of  the 
withdrawal  of  glucose  from  the  blood  by  the  very  active  organs 
which  themselves  do  not  store  glycogen  to  any  considerable  extent, 
like  the  heart  and  glands. 

From  the  aforesaid,  one  can  easily  conceive  that  some  sort  of 
equilibrium  normally  exists  between  the  amount  of  glycogen  in  the 

"O.  Locwi:  Arch,  f.  exp.  Pathol,  u.  Pharm,,  xlviii,  p.  410,  1902;  1,  p. 
326,  1903. 

^^Miohaelis  and  Rona:  Biochem.  Zeitschr,,  vii,  p.  329,  19Q7. 
»» Rosenfeld  and  Ascher:  Centralbl.  f.  Physiol.,  xix,  No.  14,  1905. 


Digitized  byVjOOQlC 


436         Metabolism  in  Experimental  Diabetes 

ceils  and  the  concentration  of  sugar  in  tlie  blood.  After  the  admin- 
istration of  phlorhizin,  when  sugar  begins  to  be  poured  out  by  the 
kidneys,  this  equilibrium  is  disturbed^  with  the  negative  balance 
on  the  side  of  the  blood.  From  the  fact  thai  the  blood  shows  a 
remarkable  persistence  in  maintaining  its  glucose  concentration  at 
the  level  of  about  0.07  to  0.10  per  cent  in  different  conditions  of 
nutrition  in  health  and  disease,  except  in  pancreatic  diabetes  tuid 
diabetes  mellitus,  it  becomes  evident  that  there  must  be  some 
teleological  reason  for  it.  And  that  these  factors  should  be  at 
play  in  mobilizing  the  carbohydrates  from  the  glycogen  depots 
in  cases  where  the  blood  is  depleted  of  its  glucose  (phlorhiiin 
glycosuria)  seems  very  probable. 

With  the  rapid  withdrawal  of  glucose  from  the  blood  by  the  kid- 
neys, the  concentration  of  the  glucose  in  the  blood  tends  to  sink 
The  diminution,  however,  is  adequately  compensated  for  as  long 
as  there  is  plenty  of  glycogen.  Should  the  supply  of  the  laUer 
become  loWy  the  protein  will  be  called  upon  to  contribute  to  the  supply 
of  glucose  in  the  blood. 

The  protein  metabolism  on  the  first  day  of  phlorhizin  glyco- 
suria is  always  increased,  but  the  increase  depends  upon  the  amount 
of  glycogen  the  animal  has  at  its  disposal.  If  the  animal  has  been 
in  good  condition  of  nutrition  with  an  abundant  supply  of  glycogen, 
the  depletion  of  the  system  of  its  glucose  is  compensated  for  almost 
entirely  by  the  glycogen.  This  is  evident  from  the  experimait 
recorded  in  table  III,  in  which  the  D:N  ratio  is  exceedingly  high 
during  the  first  six  hours  of  the  glycosuria,  while  there  is  but  a 
slight  rise  in  the  nitrogen  elimination.  The  protein  reaches  the 
highest  level  of  catabolism  at  about  the  second  or  third  day  of  the 
glycosuria,  when  it  is  the  sole  contributor  to  the  glucose  supply  of 
the  blood.  At  this  stage,  Lusk's  quotient  of  D:N  —  3.6:1  becomes 
established.  It  represents  the  maximum  destruction  (Einschmel- 
zung)  of  protein  in  its  attempt  to  maintain  the  glucose  concentra- 
tion of  the  blood,  and  it  also  represents  the  maximum  amount  of 
glucose  that  can  be  produced  from  protein. 

In  the  foregoing,  the  hyx>othesis  has  been  presented  that  the 
diminution  in  the  concentration  of  glucose  in  the  blood  is  an  e^en- 
tial  factor  in  the  rise  of  protein  metabolism.  Experimental  evi- 
dence which  leads  to  that  conclusion  will  now  be  presented. 
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III. 

The  sparing  influence  of  carbohydrates  on  the  protein  metabo- 
lism has  been  well  established.  Lusk's^*  eariy  researches  show  to 
what  extent  the  protein  metabolism  will  be  increased  after  suddenly 
removing  carbohydrates  from  the  diet,  whereas  Rubner,"  Lander- 
gren,**  Cathcart^'  and  others  have  shown  it  to  have  the  power  of 
reducing  the  starvation  requirements  of  protein. 

Kayser^"  showed  that  by  replacing  the  carbohydrates  from  the 
diet  by  an  isodynamic  quantity  of  fat,  the  nitrogen  metabolism 
increases.  Throughout  the  whole  experiment,  lasting  ten  days, 
the  calorific  value  of  the  diet  was  kept  fairly  high  and  constant 
(2556  to  2607  Calories).  The  amoimt  of  nitrogen  ingested  was  21.1 
to  21.5  grams.  The  nitrogen-free  substances  of  the  first  four  days 
and  of  the  last  three  days  consisted  of  71  grams  of  fat  and  338  grams 
of  carbohydrate.  During  the  three  days  of  the  intermediary 
period,  the  same  amount  of  nitrogen  was  ingested,  but  all  of  the 
carbohydrate  was  replaced  by  an  isodynamic  quantity  of  fat,  i.e., 
21  grams  of  nitrogen  +  220  grams  of  fat.  The  urinary  analyses 
showed  the  following  amounts  of  nitrogen  per  day: 

gnu.      gnu,        gnu.       gnu. 

First  period  of  4  days.    Mixed  diet 17.4    18.8    19.31    20. 1 

Second  period  of  3  days.    Protein  and  f at .  22 . 2    22 . 9    26 .  i 
Third  period  of  3  days.    Mixed  diet 20.8    18.4    18.8 

Landergren,*^  in  a  series  of  very  beautiful  experiments  on  man, 
showed  that  in  specific  nitrogen  hunger  and  on  a  rich  carbohydrate 
diet,  the  nitrogen  metabolism  will  be  reduced  to  a  minimum  and 
will  reach  the  lowest  level  on  the  fourth  day,  when  less  than  4 
grams  will  be  eliminated.  These  findings  have  since  been  corrobo- 
rated by  Cathcart.^ 

In  experiment  VIII  of  his  researches,  Landergren  gave  a  man, 
weighing  69.7  kilos,  a  diet  of  0.2  gram  of  nitrogen,  737.5  grams  of 

"  Lusk:  Zeilschr.  /.  Biol.y  xxvii,  p.  469,  1890. 

>^Rubner:  Oesetu  des  Energieverhrauches  bet  der  Erndkrung,  pp.  71,  78. 

»«  Landergren:  Skand.  Arch.  f.  PkyaioL,  xiv,  p.  112,  1903. 

^•Cathcart:  Journ.  of  Physiol. ,  xxxix,  p.  311,  1909. 

*•  Kayser:  Beitrdge  zur  Lehre  vom  Stofftvechaely  ii,  p.  1,  1894. 

^^Loc.  cit. 

**  Loc.  cit. 
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carbohydrate  and  17  grams  of  alcohol  per  day  for  four  days.  The 
calorific  valueof  this  diet  was  3150  Calories  or  45.2  Calories  per  kilo 
of  body  weight.  On  the  fifth  day  all  of  the  carbohydrates  of  the 
diet  were  replaced  by  an  isodynamic  quantity  of  fat  (304  grams  fat, 
30.4  grams  alcohol  =  3048  Calories).  This  diet  was  given  for 
three  days.  The  urinary  analyses  showed  the  following  amounts 
of  nitrogen  per  day: 

Carbohydrate  period  Fat  period 


0  I  TI  ni  IV  V  VI  VII 

12.76  8.91  6.16        4.30        3.76        4.28        8.86        9.64 

In  his  paper  on  the  Influence  of  Carbohydrates  and  Fats  on 
Protein  Metabolism,  Cathcart**  reports  a  similar  experiment  per- 
formed on  a  man  in  specific  nitrogen  hunger.  He  was  kept  for 
five  days  on  a  diet  containing  454  grams  of  banana  meal  and  230 
grams  of  honey  (32  Calories  per  kilo  of  body  weight).  On  the  sixth 
and  seventh  days  the  carbohydrate  was  replaced  by  a  diet  of  butter 
and  cream,  a  little  higher  than  isodynamic  (35  Calories  per  kilo). 
The  urinary  analyses  showed  the  following  amounts  of  nitrogen  per 
day: 

Carbohydrate  period  Ftit  period 


T  II  III  IV  V  VI  VII 

6.79  6.40  4.77  4.79  4.39  4.83  8.13 

These  two  experiments  stand  in  absolute  agreement,  in  showing 
that  the  catabolism  of  protein  in  the  body  on  a  pure  carbohydrate 
diet  is  at  least  one-half  as  much  as  on  a  diet  containingan  isody- 
namic quantity  of  fat. 

How  can  we  explain  this  peculiar  difference  between  two  food- 
stuffs, which  dynamogenetically  replace  each  other  quantitatively? 

The  total  metabolism  of  the  cells  of  the  body,  according  to  Rub- 
ner**  is  determined  by  its  requirement  for  kinetic  energy.  It  does 
not  make  much  difference  which  of  the  foodstuffs  is  called  upon  to 
satisfy  this  requirement.  It  probably  depends  upon  the  concen- 
tration of  the  different  foodstuffs  in  the  fluids  of  the  body  includ- 
ing those  of  the  protoplasm.  Here,  the  protein,  carbohydrates 
and  fats  replace  each  other  in  isod3mainic  quantities.     Assuming 

»Loc  cit. 

«*  Rubner:  v.  Leyden's  Handbuch,  i,  p.  78,  1898. 
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that  the  cells  exercise  free  selection  and  that  the  concentration  of 
the  body  fluids  is  equally  rich  in  all  of  the  foodstuffs,  the  protein 
will  be  attacked  first,  carbohydrates  next  and  lastly  the  fats. 
According  to  E.  Voit^  this  order  is  determined  by  the  affinity  of 
the  cells  for  the  individual  foodstuffs.  In  addition,  the  carbo- 
hydrates, because  of  their  aldehyde  and  ketone  grouxM,  probably 
maintam  a  much  more  labile  equilibrium  than  do  the  fats,  and  so 
bum  much  quicker,  and  thus  spare  the  burning  of  protein.  Rub- 
ner  also  believes  that  the  relative  sizes  of  the  molecules  of  carbo- 
hydrates and  fats  have  a  great  deal  to  do  with  the  velocity  of  absorp- 
tion and  penetration  into  the  cells,  and  that  these  factors  give  the 
advantage  to  the  carbohydrates. 

Landergren,  however,  does  not  accept  this  hypothesis.  From 
his  own  experiments,  and  those  of  Talquist,^  he  concludes  that 
the  physical  and  chemical  differences  between  the  carbohydrates 
and  fats  are  not  sufficient  to  explain  the  difference  in  their  protein 
sparing  properties.  He  believes  that  when  a  condition  arises  in 
which  the  animal  body  has  no  carbohydrate  at  its  disposal  the  body 
must  prepare  it  from  its  own  material.  Since  a  physiological 
transformation  of  fat  into  sugar  has  never  been  proven,  he  assumes 
that  the  protein  is  the  sole  contributor  to  the  formation  of  glucose. 
The  constancy  of  the  concentration  of  sugar  in  the  blood  in  cases 
of  prolonged  starvation  speaks  very  much  in  favor  of  this  hypoth- 
esis. The  giving  of  carbohydrate  therefore  spares  that  amount 
of  protein  catabolism,  while  a  diet  of  fat  does  not.  The  protein 
metabolism  must  then  be  assumed  to  consist  of  three  component 
parts: 

1.  The  "minimal  nitrogen  requirement"  which  represents  the 
amount  of  protein  that  is  catabolised  during  specific  nitrogen 
hunger,  when  the  body  receives  all  its  calorific  requirements  in  the 
form  of  carbohydrates,  or  carbohydrates  and  fats  in  equal  calorific 
quantities.  This  amounts  to  about  4  grams  of  nitrogen  per  day  in 
a  full  grown  man,  and  corresponds  to  Rubners  ''wear  and  tear 
quota." 

2.  The  "dextrose  nitrogen"  which  represents  the  amount  of 
protein  that  is  catabolized  in  excess  of  the  "minimal  nitrogen 

**  £.  Volt  and  A.  Korkunoff:  Zeitschr.  /.  BioL,  xxxii,  p.  136,  1805. 
**  Talquist:  cited  by  Landergren. 
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requirement"  in  case  of  specific  nitrogen  hunger  and  in  the  absence 
of  carbohydrates  from  the  diet,  i.e.,  when  the  calorific  require- 
ment is  covered  exclusively  by  fat.  This  amounts  to  about  4  or 
5  grams  of  nitrogen  per  day. 

3.  The  "complementary  nitrogen"  which  represents  the  amount 
of  protein  catabolised  for  dynamogenetic  purposes  in  cases  of 
starvation  in  excess  of  1  and  2,  or  when  large  quantities  of  protein 
are  added  to  the  diet. 

The  nitrogen  value  of  1  cannot  be  reduced  by  carbohydrates  or 
fats.  It  can  be  replaced  only  by  protein.  The  nitrogen  of  2  can 
be  spared  by  a  sufficient  supply  of  carbohydrates  (50  per  cent  of 
calorific  requirements) .  It  cannot  be  spared  by  fat.  The  nitrogen 
of  3  can  be  spared  by  any  foodstuff. 

Phlorhizin  glycosuria  and  pancreatic  diabetes  offer  a  very  good 
opportimity  for  the  study  of  this  problem.  In  both  do  we  meet 
with  a  tremendous  rise  in  the  protein  metabolism  and  in  both  is 
there  an  absence  of  glucose  combustion.  Thanks  to  the  researches 
of  Lusk,  the  relationship  between  the  protein  metabolism  in  phlor- 
hizin glycosuria  and  normal  starvation  has  been  worked  out  to  a 
high  degree  of  accuracy.  A  perusal  of  the  literature  on  pancreatic 
diabetes,  however,  reveals  the  fact  that  in  very  few  experiments 
has  any  attention  been  paid  to  this.  The  works  of  Falta,  Grote 
and  St&helin'^  cannot  be  relied  upon  because  of  the  fact  that  their 
animals  had  febrile  temperature,  which  is  a  very  disturbing  factor 
in  the  study  of  protein  metabolism. 

The  only  satisfactory  experiments  are  those  of  Falta  and  Whit- 
ney,**  part  of  which  is  reproduced  in  table  IV.  For  four  days  they 
studied  the  protein  metabolism  of  a  normal  starving  dog.  On  the 
fifth  day  the  pancreas  was  removed.  The  analysis  of  the  urine 
commenced  two  hours  after  the  extirpation  of  the  pancreas. 

The  average  daily  elimination  of  nitrogen  during  the  foreperiod 

5.36  +  3.39  +  3.86  +  4.21       ^^  mu     u-  u^ 

was =4.20   grams.    The   highest 

4 

amount  of  nitrogen  eliminated  during  the  diabetes  was  12.01  grams, 
t.6.,  an  increase  of  286  per  cent  above  the  starvation  requirements. 
This  is  decidedly  lower  than  the  increase  in  the  protein  catabolism 

"  Falta,  Grote  and  St&helin:  Loe.  cit. 

**  Falta  and  Whitney:  Beitr.  z,  chem.  Physiol,  u.  Pathol.,  xi,  p.  224,  1908. 
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TABLE  IV. 

PBBIOD 

WBIOHT 

17.36 

Nrmoo  BN 
6.36 

NITBOOEN 
PEBHOUR  , 

OLUCOBB 

D:N 

Normal 

BBS 

I 

starv. 

ing. 

II 

17.17 

3.39 

III 

16.88 

3.86 

IV 

16.63 

4.21 

pancreas 

Extii 

patton  of 

V 

16.68 

11.62 

0.48    ' 

27.02 

2.36 

VI 

14.89 

11.83 

0.49 

38.04 

3.15 

VII 

11.98 

0.60 

34.64 

2.88 

VIII 

14.08 

12.01 

0.60 

38.26 

3.18 

Analyses  were  made  for  fourteen  hours;  calculated  by  the  author  for  twenty-four  hours. 


that  is  usually  associated  with  phlorhizin  glycosuria.  There  is  no 
question  but  that  the  increase  in  nitrogen  elimination  in  pancreatic 
diabetes  is  due  to  dynamogenetic  reasons  only,  for  this  condition  is 
always  associated  with  hyperglycaemia,  and,  under  ordmary  cir- 
cumstances,'* with  complete  cessation  of  the  utilization  of  glucose. 

In  phlorhizin  glycosuria,  under  conditions  of  not  too  great  admin- 
istration of  carbohydrates,  we  also  meet  with  complete  cessation 
of  the  utilization  of  glucose,  but  this  condition  is  associated  with  a 
decided  h3rpoglycaemia  and  a  rise  in  the  protein  metabolism  above 
the  starvation  requirements,  to  a  much  greater  extent  than  m  pan- 
creas diabetes.  If  Landergren's  hypothesis  is  true,  that  the  pro- 
tein metabolism  is  to  a  certain  extent  dependent  upon  the  concen- 
tration of  glucose  in  the  blood  and  body  fluids,  then,  the  feeding  of 
glucose  to  phlorhizinized  dogs,  in  quantities  small  enough  not  to 
exceed  "the  diffusion  level,"  ought  to  be  followed  by  a  lowering  in 
the  protein  metabolism  (i.e.,  sparing  of  fraction  2.  See  page  439). 
On  the  other  hand,  the  giving  of  a  similar  quantity  of  glucose  to  a 
depancreatized  animal  ought  to  be  followed  by  no  depression  in  the 
protein  metabolism. 

The  experiments  reported  below  were  performed  with  the  object 
of  testing  the  truth  of  this  hypothesis. 

'*  That  is,  if  not  accompanied  by  the  administration  of  too  large  quanti- 
ties of  carbohydrate. 


THB  JOUBlf  AL  OT  BIOLOGICAL  CHBMWTBT.  VOL.  XH,  NO.  S. 
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TABLE  V. 

Dog  it.    Twenty-four-hour  periods. 


s 

N 

I 

1 

p 

i' 

D:N 

III 

17.53 

14.40 

52.06 

3.62 

Fasting. 

IV 

17.24 

9.3S|108.10 

U.06 

76  grama  of  glueoae  given  per  09 

in  aix 

doeea. 

V 

16.86 

14.00 

50.05 

3.64 

VI 

Ifi.OO 

7.18iS7.17 

17.71 

ISO  grama  ofglucoae  aa  abope. 

VII 

16.25 

7.78   UM 

7.28 

TABLE  VI. 
Dog  IS.    Twenty-four-hour  perioda. 


II 

III 

IV 

V 

VI 


12.25 
12.00 

U.84 

11.21 


12.43 
10.50 

9.06 

10.75 


44.67 
36.93 

69.78 

40.39 


3.59 
3.51 

6.86 

3.75 


100  grams  beef  heart  and  75  grams  Urd. 

tS  grama  glueoae  given  per  oa  durimg 
day, 
100  grams  beef  heart  and  75  grams  lard. 


I 

II 
III 
IV 

V 
VI 


TABLE  Vn. 
Dog  17,    Twelve-hour  perioda. 


^ 

1 

1 

1 

il 

to 

D:N 

I 

5.32 

20.19 

3.79 

Fasting. 

II 

10.81 

4.14 

46.78 

U.80 

49  grama  of  glueoae  given  per  aa. 

III 

4.35 

27.30 

6.28 

IV 

9.93 

5.00 

20.49!    4.10 

TABLE  VIII. 
Pancreas  diabetes.    Dog  li.    Twenty-four  hour  perioda. 


93 
68' 


7.08' 


7.071 


7.09 

16.92 

2.38 

6.48 

17.57 

2.71 

6.88 

64.80 

942 

12.41 

39.54 

3.19 

14.25 

36.27 

2.54 

15.46 

40.07 

2.60 

40  grama  of  glueoae  given  per  oa, 
300  grams  of  beef  heart. 


400  grams  of  beef  heart. 
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Dog  11  was  phlorhizinized  in  the  usual  maimer  and  theD:N 
ratio  established.  Seventy-five  grams  of  glucose  dissolved  in  water 
and  divided  into  six  doses  were  given  per  08  on  the  fourth  day  of  the 
glycosuria.  One  hundred  and  fifty  grams  were  given  on  the  sixth 
day. 

From  the  D:N  ratio  on  the  third  and  fifth  days,  we  may  safely 
assume  that  the  phlorhizin  intoxication  was  complete  and  that  the 
protein  metabolized  on  the  fourth,  sixth  and  seventh  days  yielded 
3.6  grams  of  glucose  for  every  gram  of  nitrogen. 

The  amoimt  of  glucose  eliminated  on  the  fourth  day  was  103.1 
grams.  By  subtracting  33.55  grams,  which  originated  from  the 
protein  (0.32  X  3.6),  we  find  that  69.5  grams  of  the  75  grams  of 
glucose  fed  were  eliminated  imbumt.  By  applying  similar  calcu- 
lations to  the  results  obtained  on  the  sixth  and  seventh  days,  we 
find  that  the  protein  metabolized  during  the  sixth  day  jdelded 
(7.18  X  3.6)  -  23.85  grams  of  glucose  and  during  the  seventh 
day  (7.78  X  3.6)  =  28.01  grams.  The  total  amount  of  glucose 
eliminated  during  these  two  days  was  183.46  grams.  By  sub- 
tracting the  glucose  that  was  derived  from  the  protein,  we  find  that 
131.6  grams  of  the  150  grams  of  glucose  ingested  were  eliminated 
unbumt. 

The  nitrogen  metabolism  was  diminished  by  a  little  more  than 
5  grams  on  the  fourth  day  and  was  reduced  almost  50  per  cent  on 
the  sixth  and  seventh  days.  If  the  increase  in  the  protein  meta- 
bolism in  phlorhizin  diabetes  were  due  to  dynamogenetic  reasons 
only,  the  burning  of  5.5  grams  of  glucose  on  the  fourth  day  could 
not  have  spared  the  combustion  of  31.8  grams  of  protein.  Nor 
could  the  burning  of  18.4  grams  of  glucose  on  the  sixth  and  seventh 
days  have  spared  as  much  as  81  grams  of  protein. 

It  is  also  noteworthy  in  this  experiment  that  the  150  grams  of 
glucose  given  within  twelve  hours  were  not  eliminated  completely 
during  the  first  twenty-four  hoims,  but  were  carried  over  to  a 
great  extent  to  the  second  twenty-four  hoims. 

Dog  15  was  phlorhizinized  and  fed  75  grams  of  lard  and  100 
grams  of  beef  heart  per  day.  This  covered  approximately  his 
calorific  requirements.  During  period  V,  25  grams  of  glucose  were 
added  to  his  diet  and  were  administered  in  six  doses.  The  amount 
of  glucose  eliminated  on  that  day  was  59.78  grams.  By  sub- 
tracting the  amount  of  glucose  that  originated  from  the  9.08  grams 
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of  protein  [59.78  -  (9.08  X  3.6)  =  27.1]  we  find  that  27.1  grams 
of  extra  glucose  were  eliminated  on  that  day.  It  is  absolutdy 
certain  that  none  of  the  glucose  fed  was  burnt,  and  still  there  is  a 
decided  diminution  in  the  protein  metabolism. 

Dog  17  was  treated  like  Dog  11.  During  period  II  the  animal 
received  per  os  49  grams  of  glucose.  The  D:N  ratio  in  period  IV 
was  still  high,  showing  that  extra  glucose  was  still  being  eliminated. 
The  total  amount  of  glucose  eliminated  during  periods  II,  III  and 
IV'  was  94.67  grams.  The  total  nitrogen  eliminated  during  these 
peribds  was  13.49  grams,  which  could  give  rise  to  48.56  grams  of 
glucose.  By  subtracting  this  from  the  total,  we  find  that  from  the 
49  grams  of  glucose  administered,  46  were  recovered  in  the  urine. 
The  total  nitrogen,  in  this  case  as  in  the  two  previous  experiments, 
was  considerably  reduced  during  the  "glucose"  period. 

Dog  12  had  its  pancreas  removed  about  three  weeks  before  the 
experiment  was  commenced.  The  operation  was  performed  by 
Dr.  J.  E.  Sweet  of  the  Department  of  Experimental  Surgery. 
That  the  pancreas  was  completely  removed,  we  assume  from  the 
character  of  the  D:N  ratio,  which  was  close  to  the  one  established 
by  Minkowski.  On  the  third  day  of  the  experiment  the  animal 
received  40  grams  of  glucose,  administered  per  05  in  six  doses. 

This  experiment  shows,  in  a  very  striking  manner,  the  difference 
between  pancreatic  and  phlorhizin  glycosuria.  WherecLS  the  givifig 
of  glucose  to  phlorhizinized  animals  is  invariably  associated  with  a 
lowering  of  the  protein  metabolism,  this  phenomenon  is  not  obserred 
in  pancreatic  diabetes. 

These  experiments  support  the  hypothesis  of  Landergren.  They 
show  that  a  certain  amount  of  protein  in  phlorhizin  glycosuria  can 
be  spared  by  glu^cose  although  the  glucose  is  not  bumty  but  is  eliminated 
quantitatively  in  the  urine. 

The  question  of  dynamogenesis  can  be  left  out  entirely,  for  in 
Dog  16  every  gram  of  glucose  was  recovered  in  the  urine.  We 
must  then  assume  the  existence  of  a  fraction  of  protein  metabolism 
that  is  spared  by  the  mere  presence  of  glucose  in  the  circulation. 
It  exists  as  a  factor  distinct  from  the  "wear  and  tear  quota"  (mini- 
mal nitrogen  requirement")  and  also  distinct  from  the  "comple- 
mentary fraction." 

One  other  important  fact  to  be  noted  is  the  difference  between 
the  nitrogen  curves  presented  by  the  phlorhizinized  and  depancrea- 


Digitized  byVjOOQlC 


A.  I.  Ringer  445 

tized  dogs  during  the  onset  of  glycosuria.  In  phlorhianized  ani- 
mals the  nitrogen  reaches  the  highest  level  on  the  second  or  third 
day,  whereas  in  the  depancreatized  dog,  the  protein  metabolism 
rises  at  once  to  the  highest  level  (see  tables  I,  II,  III  and  compare 
withlV). 

SUMMARY. 

1.  Experiments  were  performed  which  showed  that  in  phlor- 
hizin  glycosuria  the  protein  metabolism  rises  in  part  because  of  the 
hyx>oglycaemia  that  is  present  in  that  condition. 

2.  The  giving  of  small  quantities  of  glucose  to  phlorhizinized 
animals  results  in  a  sparing  of  protein,  although  all  of  the  glucose 
is  eliminated  in  the  urine  and  none  of  it  is  burnt.  This  lends  sup- 
port to  Landergren's  hypothesis,  which  assumes  that  in  starva- 
tion, a  certain  fraction  of  protein  is  metabolized  for  the  formation  of 
glucose,  and  that  this  fraction  can  be  spared  by  carbohydrates  and 
not  by  fat. 

3.  The  protein  metabolism  above  the  starvation  requirement  in 
pancreatic  diabetes  does  not  rise  as  high  as  in  phlorhizin  diabetes. 

4.  The  giving  of  glucose  to  a  dog  with  pancreatic  diabetes  does 
not  spare  any  protein. 

5.  It  is  suggested  that  the  protein  metabolism  is  lower  in  pan- 
creatic than  in  phlorhizin  diabetes  because  of  the  hyperglycaemia 
which  prevents  the  catabolism  of  the  so-called  "dextrose  protein." 
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CONCERNING  THE  ORGANIC  PHOSPHOl 
COMPOUND  OF  WHEAT  BRAN- 

PREIilMINAEY  REPORT.     THIRD  PAPER  ON  PHTTIN. 

By  R.  J.  ANDERSON. 

(From  the  Chemical  LaborjaJLory  of  the  New  York  Agricultural  Experiment 
Station,  Geneva,  N.  Y.) 

(Received  for  publication,  July  29, 1012.) 

INTRODUCTION. 

In  the  last  two  papers  dealing  with  the  chemistry  of  phytin* 
various  salts  of  phytic  acid  with  inorganic  bases,  as  well  as  various 
phosphoric  and  pyrophosphoric  acid  esters  of  inosite,  have  been 
described.  In  connection  with  this  work  the  subject  of  the  organic 
phosphorus  compound  of  wheat  bran  was  taken  up. 

Patten  and  Hart'  had  shown  that  wheat  bran  contains  an  organic 
phosphorus  body  which  on  cleavage  with  30  per  cent  sulphuric 
acids  in  a  sealed  tube  gave  inosite  as  one  of  the  products  of  decom- 
position. They  also  obtained  an  acid  from  a  0.2  per  cent  hydro- 
chloric acid  extract  of  bran  which  on  analysis  gave  results  corre- 
sponding very  closely  with  the  theoretical  composition  of  phytic 
acid,  or,  as  the  substance  was  then  called,  ''anhydro-oxymeth- 
ylene  di-phosphoric  acid."  These  results  led  them  to  believe  that 
the  substance  which  they  had  isolated  was  identical  with  the  or- 
ganic phosphorus  compound  described  by  Palladin,'  Schulze  and 
Winterstein*  and  later  by  Winterstein*  and  which  was  finally 
obtained  in  pure  form  by  Postemak*  who  gave  the  substance  the 
name  "phytin." 

1  This  Journal,  xi,  p.  471 ;  xii,  p.  97;  Technical  Bull.  19  and  21,  N.  Y.  Agric. 
Exp.  Station,  1912. 

*  Amer.  Chem.  Joum.,  xxxi,  p.  566,  1904. 

*  Zeitechr.f,  BioL,  p.  199, 1894. 

*  Zeitechr.  f,  phyeiol.  Chem.,  xxii,  p.  90. 

*  Ber.  d,  deutech,  chem,  Qeselhch.,  xxx,  p.  2299. 

*  Rev.  gH,  hot.,  xii,  pp.  5,  65,  1900;  Compt.  rend.  acaS.  d.  eci.,  cxxxvii, 
pp.  202,  337,  439,  1903. 
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iliis  substance,  isolated  by  Patten  and  Hart  and  assumed  by 
them  to  be  phytin,  has  since  been  regarded  as  such  by  Suzuki  and 
Yoshimura/  Neuberg,*  Forbes*  and  others.  These  authors  do 
not,  however,  report  any  complete  analyses  of  the  substance. 

Smce  the  investigation  of  the  organic  phosphorus  compound 
of  wheat  bran  by  Patten  and  Hart,  several  feeding  experiments, 
some  of  which  have  not  yet  been  published,  to  determine  the  physi- 
ological effect  of  phytin  have  been  carried  out  at  this  institution 
by  Dr.  Jordan.  In  these  experiments  it  has  been  foimd  that  the 
effect  of  pure  phytin  salts  differs  decidedly  from  that  obtained 
by  feeding  varying  quantities  of  washed  and  imwashed  wheat  bran  .^* 
These  anomalous  results  could  not  be  explained  on  the  assumption 
that  only  ''phytin"  was  removed  from  the  bran  by  washing* 
The  problem  was  still  more  complicated  by  the  fact  that  previous 
work  had  shown  that  very  little  besides  phosphorus  compound 
and  inorganic  bases  had  been  removed  from  the  wheat  bran  in  the 
process  of  washing  or  leaching." 

In  the  hope  of  throwing  some  light  on  this  subject,  the  chemical 
investigation  of  the  products  removed  from  wheat  bran  by  washing 
it  in  dilute  acid  was  again  taken  up.  The  chief  object  was  to  iso- 
late and  identify  the  organic  phosphorus  body  and  to  determine 
what  bases  were  associated  with  it. 

If  ordinary  wheat  bran  be  extracted  with  0.2  per  cent  hydro- 
chloric acid  and  the  resulting  filtered  extract  precipitated  with 
alcohol,  a  body  is  obtained  which,  after  repeated  precipitations 
from  0.2  per  cent  hydrochloric  acid  with  alcohol,  shows  a  relatively 
uniform  composition.  The  composition  varies  somewhat  depend- 
ing upon  the  conditions  under  which  the  substance  is  prepared, 
but  on  an  average  it  has  been  found  to  be  about  as  follows:  C, 
21.0;  H,  3.5;  P,  14.0  per  cent.  The  substance  also  contains  cal- 
cium, magnesiiun,  potassiiun  and  sodiiun  in  varying  amounts, 
together  with  traces  of  iron,  and  it  always  contains  nitrogen  varying 
from  2.1  to  0.4  per  cent.  The  nitrogen,  however,  is  not  present 
as  ammonia.    The  compound  reduces  Fehling's  solution  on  boil- 

» Bull  Coll,  of  Agric.  Tokyo,  vii,  p.  498. 

■  Biochem,  ZeiUckr.,  xvi,  p.  405. 

«  Bull.  216,  Ohio  Agric.  Exp.  Station. 

'» Amer.  Journ,  of  PkysioL,  xvi,  p.  2d8,  1906. 

» Ibid.,  xvi,  pp.  274,  304,  1906. 
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ing.  It  gives  reactions  with  orcine  and  phloroglucine  and  yields 
furfurol  when  distilled  with  12  per  cent  hydrochloric  acid.  It  was 
first  described  by  Patten  and  Hart"  although  they  do  not  mention 
the  above  reactions.  As  previously  stated  they  considered  it 
identical  with  phytin  although  according  to  their  analysis  it  had 
the  following  composition: 

C,  18.52;  H,  3.83;  P,  16.38;  Cs,  1.13:  Mg,  5.80;  K,  2.«0;  N,  0.37  per  cent. 

It  will  be  noticed  at  once  that  for  a  salt  of  phytic  acid  the  above 
compoimd  has  about  10  per  cent  too  mvch  carbon  and  about  6 
X)er  cent  too  little  phosphorus. 

After  isolating  and  purifying  some  of  the  substance,  as  will  be 
described  in  the  experimental  part,  a  product  was  finally  obtained 
which  had  the  composition  first  mentioned  above.  It  was  believed 
at  first  that  it  was  an  impure  phytin  compound,  probably  associated 
with  some  carbohydrate  group  and  some  complex  nitrogen-contain- 
ing body.  All  attempts  to  prepare  any  of  the  characteristic  salts 
of  phytic  acid  from  the  substance  have  failed.  We  have  found, 
however,  that  it  is  possible  by  the  action  of  barium  hydroxide  to 
separate  the  substance  into  two  constituents,  one  of  which  is  an 
organic  phosphoric  acid  free  from  nitrogen,  the  other  a  nitrogenous 
substance  also  containing  phosphorus  in  organic  combination. 
Tlie  latter  has,  however,  not  been  obtained  in  pure  form.  It  has 
not  been  analyzed  and  its  nature  is  at  present  entirely  unknown. 

The  barium  salt  of  the  nitrogen-free  body  corresponds  to  the  for- 
mula CttHttOMPaBae.  The  isolation  of  the  free  acid,  Cs6HesOMP9f 
corresponding  to  the  above  barium  salt,  has  not  succeeded. 
Attempts  to  isolate  it  led  to  an  organic  phosphoric  acid,  lower  in 
carbon  and  higher  in  phosphorus,  of  the  composition  C2oHfi6049P9* 
In  the  process  of  isolation  apparently  the  elements  of  one  pentose 
are  split  off: 

CmHwOmP*— CjBioO*  =  CsoHMOitPt. 

If,  in  the  preparation  of  the  above  barium  salt  from  the  crude  sub- 
stance, the  solution  is  allowed  to  stand  in  contact  with  dilute  hydro- 
chloric acid  for  any  length  of  time  a  barium  salt  is  obtained  corre-. 
sponding  to  the  second  acid,  C2oH45049P9Ba(,  from  which  salt  the 
free  acid  may  be  generated.    The  barium  salt,  C25H66064P9Ba6, 

"  Loc.  cit. 
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3rields  furfurol  on  distillation  with  12  per  cent  hydrochloric  acid 
but  the  salt,  CaoHtf 049P9Ba(,  does  not  do  so. 

The  acid,  C2oHtt049P«)  apparently,  represents  the  nucleus  of  the 
molecule  of  the  organic  phosphorus  compound,  as  it  has  been 
foimd  impossible  to  obtain  any  simpler  organic  phosphoric  acid 
from  it  by  treatment  with  acids.  On  boiling  with  normal  sul- 
phuric acid  at  ordinary  pressure  it  is  slowly  decomposed  with 
formation  of  phosphoric  acid  and  reducing  bodies,  apparently  car- 
bohydrates, as  the  solution  reduces  Fehling's  solution  and  gives 
reactions  with  orcine  and  phloroglucine;  but  no  trace  of  inosite 
could  be  isolated.  The  unchanged  portion  isolated  from  the  reac- 
tion mixture  has  exactly  the  same  composition  as  it  had  before 
boiling,  which  indicates  that  the  molecule  is  gradually  broken  up 
into  reducing  bodies  and  phosphoric  acid  without  suffering  any 
intermediate  or  partial  decomposition.  On  heating  the  substance 
in  a  sealed  tube  with  5  n  sulphuric  acid  the  cleavage  appears  to 
go  in  another  direction;  for  in  this  case  90  per  cent  of  the  total 
carbon  was  recovered  in  the  form  of  inosite  and  absolutely  no  re- 
ducing bodies  were  present  in  the  reaction  mixture.  No  explana- 
tion can  be  offered  at  this  time  concerning  this  peculiar  behavior 
towards  sulphuric  acid  under  ordinary  pressure  and  in  a  sealed 
tube. 

It  is  evident  that  this  compoimd  is  not  phyiin.  The  only  similar- 
ity between  these  substances  is  found  in  that  they  are  both  organic 
phosphoric  acids  and  that  when  heated  in  a  sealed  tube  with 
acids  they  yield  inosite  as  one  of  the  products  of  decomposition. 
Whether  thxs  new  compoimd  contains  the  inosite  as  such  or  whether 
it  is  only  formed  in  the  process  of  decomposition  cannot  be  defi- 
nitely determined  at  this  time.  However,  if  it  were  a  complex 
compound  of  inosite  and  phosphoric  or  p3rrophosphoric  acid, 
the  isolation  of  inosite  should  be  possible  after  cleavage  with  dilute 
acid  at  ordinary  pressure.  As  has  been  stated  this  cannot  be  done 
and,  moreover,  the  empirical  formula  of  the  substance  can  hardly 
be  brought  into  accord  with  any  inosite  compound. 

The  substance  is  probably  similar  to,  if  not  identical  with,  the 
glucophosphoric  acid  described  by  Levene."    The  same  author" 

"  Journ,  Amer,  Chem,  Soc,  xxiv,  p.  190, 1902;  Amer,  Joum,  o/Phytiol.,  viii. 
p.  11,  1903. 
"  Biochem,  Zeitschr.,  xvi.  p.  399. 
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also  described  an  organic  phosphoric  acid  compoimd  isolated  from 
hemp  seed  which  gave  reactions  for  pentose  or  glucuronic  acid. 
Since  phytin  does  not  give  these  reactions,  as  stated  by  Neuberg,^* 
it  is  very  probable  that  the  products  examined  by  Levene  were  of 
the  same  nature  as  that  described  in  this  paper. 

The  chief  support  of  the  assumption  of  Patten  and  Hart^^that 
the  organic  phosphorus  compoimd  of  wheat  bran  was  phytin  was  no 
doubt  based  upon  the  fact  that  they  had  obtained  a  substance  from 
dilute  hydrochloric  acid  extract  of  bran  which  corresponded  closely 
in  composition  with  that  required  for  the  ''anhydro-oxymethylene 
di-phosphoric  acid"  of  Postemak.  Serious  objection,  however, 
must  be  raised  against  their  method  of  isolating  this  substance  in 
that  they  made  absolutely  no  effort  to  remove  inorganic  phosphates. 
From  the  work  of  Hart  and  Andrews*'  they  believed  themselves 
justified  in  considering  the  inorganic  soluble  phosphates  present 
in  wheat  bran  as  a  negligible  quantity.  While  we  cannot  enter  into 
any  discussion  of  the  above  work  here,  it  is  to  be  noted  that  in  the 
determination  of  the  soluble  inorganic  phosphates  in  plant  con- 
stituents Hart  and  Andrews  extracted  the  material  with  0.2  per 
cent  hydrochloric  acid  for  fifteen  minutes  and  determined  the 
inorganic  phosphorus  in  the  filtered  extract  by  precipitating  with 
nearly  neutral  ammonium  molybdate.  By  this  method  they 
foimd  0.036  per  cent  inorganic  phosphorus  in  wheat  bran.  The 
total  amount  of  phosphorus  compoimds  soluble  in  0.2  per  cent 
hydrochloric  acid  was  foimd  to  be  equivalent  to  0.951  percent 
phosphorus.  The  inorganic  phosphorus  found  by  the  above 
authors  is  therefore  equal  to  3.78  per  cent  of  the  total  phosphorus 
soluble  in  0.2  per  cent  hydrochloric  acid. 

Suzuki  and  Yoshimura**  report  phosphorus  determinations  in 
wheat  bran.  They  found  0.638  per  cent  of  phosphorus  soluble  in 
0.2  per  cent  hydrochloric  acid,  of  which  0.050  per  cent  was  inor- 
ganic and  0.579  per  cent  organic.  The  inorganic  phosphorus 
found  in  this  case  is  therefore  equal  to  8.63  per  cent  of  the  total 
phosphorus  soluble  in  0.2  per  cent  hydrochloric  acid. 

"  Biochem,  Zeitachr.,  xvi,  p.  405. 

^•Loc,  cit, 

IT  Bull.  238  N.  Y.  Agric.  Exp.  Station,  1903. 

"  BvU,  Coll,  ofAgric,  Tokyo,  vii,  p.  408. 
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The  work  of  Forbes  and  associates^*  seems  to  show  that  the  time 
allowed  by  Hart  and  Andrews,  fifteen  minutes,  is  not  sufficient  for 
complete  extraction  and  that  neutral  molybdate  solution  is  not 
suitable  for  precipitation  in  all  cases;  that  when  three  hours  is 
allowed  for  extraction  a  considerably  larger  amoimt  of  inorganic 
phosphorus  is  obtained. 

In  the  preparation  of  the  "phytin"  products  from  wheat  bran 
Patten  and  Hart'^  do  not  mention  any  definite  time  allowed  for 
extraction  but  only  state  that  'Hhe  bran  was  extracted  for  several 
hours  with  0.2  per  cent  hydrochloric  acid,"  apparently  therefore 
a  longer  time  than  allowed  by  Hart  and  Andrews  in  their  determina- 
tions of  inorganic  phosphorus. 

When  wheat  bran  is  digested  for  several  hours  in  0.2  per  cent 
hydrochloric  acid  we  have  foimd  that  the  resulting  extract  always 
contains  a  considerable  quantity  of  inorganic  phosphates.  Quan- 
titative determinations  have,  however,  not  been  carried  out  and 
we  are  at  present  imable  to  state  whether  the  inorganic  phosphates 
were  present  in  the  bran  originally  or  if  they  have  been  formed  by 
hydrolysis  of  the  organic  phosphorus  compounds,  but  we  purpose 
to  take  up  this  phase  of  the  subject  later. 

On  precipitating  a  bran  extract,  prepared  as  indicated  above, 
with  any  of  the  usual  reagents  for  the  isolation  of  the  organic 
phosphorus  compound  the  inorganic  phosphates  are  more  or  less 
completely  precipitated  at  the  same  time.  In  order  to  remove 
these  inorganic  phosphates  we  have  f  oimd  it  necessary  to  repeatedly 
precipitate  the  substance  from  0.2  or  0.5  per  cent  hydrochloric 
acid  withalcohol.  In  other  words  the  substance  has  been  repreci{»- 
tated  until  the  dilute  nitric  acid  solution  of  the  resulting  product 
does  not  give  any  immediate  reaction  with  ammonium  molybdate. 
The  slight  amoimt  of  phosphomolybdate  precipitated  from  the 
solution  on  longer  standing  is  no  doubt  due  to  cleavage  rather  than 
to  admixed  inorganic  phosphates. 

In  order  to  determine  if  any  barium  salt  of  different  composition 
from  those  discussed  above  could  be  prepared  directly  from  wheat 
bran  extract,  a  0.2  per  cent  hydrochloric  acid  extract  of  bran, 
prepared  as  before,  was  precipitated  with  barium  chloride  and 
alcohol.    The  substance  was  purified  by  precipitating  from  0.5 


"  Loc.  cit. 
«•  Loc.  ciu 
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per  cent  hydrochloric  acid  solution  with  alcohol  until  it  gave  no 
inunediate  reaction  with  ammoniiun  molybdate  (cf.  experimental 
part).  Analysis  showed  that  this  compound  contained  a  higher 
percentage  of  carbon  and  lower  phosphorus  than  the  barium  salt 
prepared  from  the  previously  isolated  crude  substance  and  it 
gave  a  larger  amount  of  furfurol  on  distillation  with  12  per  cent 
hydrochloric  acid.  By  treating  this  compound  with  dilute  sul- 
phuric acid  for  a  short  time  some  reducing  body  was  split  off  and 
the  organic  phosphorus  substance  finally  isolated  from  the  reaction 
mixture  corresponded  in  composition  with  the  barium  salt  first 
prepared,  viz.,  C»Hu064P»Ba6.  This  compound  is,  however, 
easily  transformed  into  C2oHu04»P9  as  has  already  been  shown. 

Since  we  have  been  imable  to  isolate  any  compound  from  wheat 
bran  corresponding  in  composition  to  a  salt  of  phytic  acid  we  have 
come  to  the  conclusion  that  wheat  bran  does  not  contain  phytin 
and  that  the  compound  C2oHu04»P9  is  the  only  organic  phosphoric 
acid  existing  in  bran.  It  appears,  however,  that  in  its  natural 
condition  in  the  bran  one  or  more  as  yet  unidentified  reducing 
bodies,  which  yield  furfurol  on  distillation  with  hydrochloric  acid 
and  which  are  easily  split  off  by  the  action  of  dilute  acids,  are 
loosely  bound  to  this  nucleus. 

The  so-called  "anhydro-oxymethylene  di-phosphoric  acid"  ana- 
lyzed by  Patten  and  Hart  was  undoubtedly  a  mixture  of  the  above 
compoimd  and  free  phosphoric  acid.  This  seems  the  more  probable 
as  they  had  not  made  any  effort  to  remove  inorganic  phosphates 
in  the  preparation  of  their  acid. 

The  empirical  formulas  suggested  in  this  paper  are  of  course 
purely  tentative.  We  are  now  preparing  larger  quantities  of  the 
substance  from  wheat  bran  and  hope  shortly  to  be  able  to  report 
further  concerning  this  compound.  Various  other  cereals  and 
feeding  stuffs  are  also  being  examined  to  determine  whether  they 
contain  phytin  or  if  this  other  organic  phosphoric  acid  compound 
is  present. 

EXPERIMENTAL  PART. 

Preparation  of  the  organic  phosphorus  compound  front  wheat  bran. 

The  bran  was  digested  with  0.2  per  cent  hydrochloric  acid  over 
night  and  the  extract  after  straining  and  filtering  was  precipitated 
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with  alcohol  according  to  the  method  of  Patten  and  Hart  (loe.  cU.). 
The  resulting  precipitate  was  purified  by  precipitating  five  times 
from  0.2  per  cent  hydrochloric  acid  with  alcohol.  From  500  grams 
of  bran  2.5  grams  of  substance  were  obtained  as  a  white  amorphous 
non-hygroscopic  powder.  It  is  readily  soluble  in  its  own  weight  of 
water,  forming  a  thick  light  amber  colored  solution  of  pleasant 
and  characteristic  but  faint  acid  odor.  The  substance  reduces 
Fehling's  solution  on  boiling  and  it  gives  the  orcine  and  phloro- 
glucine  reactions.  The  aqueous  solution  is  acid  to  litmus  paper. 
It  is  precipitated  by  alkalies  and  solutions  of  salts  of  other  metals. 
Warmed  with  dilute  nitric  acid  and  ammonium  molybdate  it  does 
not  give  any  immediate  precipitate  but  on  standing  for  several 
hours  a  trace  of  yellow  phosphomolybdate  is  precipitated. 
After  drying  at  120**  the  substance  was  analyzed. 

0.1642  gram  substance  gave  0.0522  gram  HtO  and  0.1285  gram  CX)i. 

0.0860  gram  substance  gave  0.0428  gram  MgsPtOr  for  P. 

0.1720  gram  substance  gave  0.0264  gram  MgiPtO?  for  Mg. 

0.1720  gram  substance  gave  0.0054  gram  CaO. 

0.3897  gram  substance  gave  0.0085  gram  N  (Kjeldahl). 

The  substance  contained  only  a  very  small  quantity  of  K. 

Found:  C,  21.34;  H,  3.55;  P,  13.87;  Ca,  2.24;  Mg,  3.35;  N,  2.18  per  cent. 

A  larger  quantity  of  the  product  was  then  prepared  by  extracting 
3  kgms.  of  bran.  After  isolating  and  purifying  in  the  sam^  way  as 
before  47  grams  of  substance  were  obtained  or  about  1.5  per  cent 
of  the  weight  of  the  bran  used.  In  appearance  and  properties  it 
was  identical  with  the  foregoing. 

After  drying  at  105**  in  vacuum  pver  phosphorus  pentoxide  the 
substance  was  analyzed. 

0.2444  gram  substance  gave  0.0710  gram  HtO  and  0.1940  gram  COt. 
0.3036  gram  substance  gave  0.0140  gram  CaO  and  0.0861  gram  MgiPiOr- 
0.3036  gram  substance  gave  0.0623  gram  KtPtCle. 
Phosphorus  and  nitrogen  determinations  were  not  made. 
Found:  C,  21.64;  H,  3.26;  Ca,  2.70;  Mg,  4.77;  K,  2.54  per  cent. 

The  substance  was*  again  precipitated  from  0.2  per  cent  hydro- 
chloric acid,  washed  and  dried  as  before,  when  the  following  results 
were  obtained  on  analysis: 

0.1034  gram  substance  gave  0.0630  gram  HtO  and  0.1523  gram  COi. 
0.3313  gram  substance  gave  0.0131  gram  CaO  and  0.0717  gram  MgsPsO? 
for  Mg. 
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0.3313  gram  substance  gave  0.0444  gram  KtPtCli. 

0.1656  gram  substanoe  gave  0.0857  gram  MgsPsOr  for  P. 

0.4639  gram  substance  gave  0.0058  gram  N  (Kjeldahl). 

Found:  C,  21.47;  H,  3.60;  P,  14.42;  Ca,  2.82;  Mg,  4.72;  K,  2.16;  N,  1.25  per 
cent. 

Sodium  was  not  determined  but  qualitative  tests  showed  that  it  was 
present. 

The  reprecipitated  substance,  0.3887  gram,  distilled  with  12  per  cent  HCl, 
gave  0.0367  gram  phloroglucid. 

As  ^  the  composition  did  not  change  by  reprecipitation  it  was 
deemed  sufficiently  pure  to  use  in  the  subsequent  'experiments. 

It  was  thought  at  first  that  this  substance  might  be  phytin 
mixed  with  some  carbohydrate  and  some  basic  nitrogen  body.  In 
the  hope  of  separating  these  and  to  obtain  pure  compounds  the 
substance  was  treated  with  barium  hydroxide  and  the  resulting 
barium  salt  purified  as  follows: 

Preparaium  of  the  barium  aaU. 

Five  grams  of  the  substance  were  dissolved  in  10  cc.  of  water  and 
the  solution  diluted  to  200  cc.  with  water.  Barium  hydroxide 
was  then  added  until  distinctly  alkaline  and  the  mixture  heated 
nearly  to  boiling.  It  was  then  filtered  hot  and  washed  with  hot 
water,  the  filtrate  being  reserved  for  examination. 

The  washed  barium  precipitate  was  dissolved  in  just  sufficient 
0.5  per  cent  hydrochloric  acid,  filtered,  again  precipitated  with 
barium  hydroxide,  the  resulting  precipitate  dissolved  by  the  care- 
ful addition  of  dilute  hydrochloric  acid  and  then  precipitated  by 
the  addition  of  a  like  volume  of  alcohol.  The  substance  was 
filtered,  washed  in  dilute  alcohol,  again  dissolved  in  0.5  per  cent 
hydrochloric  acid  and  precipitated  in  the  same  manner  as  before. 
These  operations  were  repeated  four  times.  It  was  then  dissolved 
in  the  same  strength  hydrochloric  acid,  precipitated  with  alcohol, 
filtered,  washed  in  dilute  alcohol,  alcohol  and  ether  and  dried  in 
vacuum  over  sulphuric  acid.  The  product  was  a  perfectly  white 
amorphous  powder.     Yield,  3.9  grams. 

The  substance  was  :?lightly  soluble  in  boiling  water.  On  cooling, 
however,  it  does  not  crystallize  out  and  on  concentrating  in  vacuum 
it  separates  in  an  amorphous  form.  Alcohol  also  produces  a 
white  amorphous  precipitnto.     Various  other  methods  were  tried 
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to  obtain  the  substance  in  (systalline  form  but  without  success. 
On  moist  litmus  paper  it  shows  a  strong  acid  reaction.  It  was 
free  from  nitrogen. 

As  it  was  foimd  impossible  to  crystallise  the  substance  it  was 
analyzed  directly  after  dr3nng  at  130**. 

0.2564  gram  substance  gave  0.0604  gram  HjO  and  0.1314  gram  COs. 
0.2903  gram  substance  gave  0.1544  gram  BaSOiand  0.1324  gram  MgsPsOi 
Found:  C,13.97;  H,  2.63;  P,  12.71;  Ba,  31.29  per  cent. 

Of  this  substance  1.2124  grams  were  distilled  with  12  per  cent  HO 
when  0.0053  gram  phloroglucid  was  obtained. 

The  composition  of  the  above  salt  is  entirely  different  from  that 
of  a  barium  phytate.  The  relation  of  the  numbers  found  lead  to 
the  empirical  formula,  CuHssOMPaBae  =  2185;  calculated  for  thi:>: 
C  =13.73;  H  =  2.51;  P  =  12.76;  Ba  =  31.44  per  cent. 

Examination  of  the  fiUrale  from  the  above  compound  after  precipitat' 
ing  with  barium  hydroxide. 

The  filtrate  was  of  light  amber  color.  The  excess  of  barium 
hydroxide  was  removed  with  carbon  dioxide,  filtered  and  the 
filtrate  concentrated  on  the  water  bath,  again  filtered  from  tracer 
of  barium  carbonate  and  then  dried  in  vacuum  over  sulphuric  acid. 
There  remained  a  small  quantity  of  a  yellowish  amber  colored, 
somewhat  gummy  mass.  It  contained  a  large  quantity  of  nitro- 
gen. It  did  not  reduce  Fehling's  solution  and  gave  only  a  faint 
biuret  reaction. 

The  substance  is  readily  soluble  in  water  and  is  again  precipi- 
tated by  alcohol  but  it  is  not  precipitated  by  tannic  acid.  The 
aqueous  solution  acidified  with  nitric  acid  gives  no  reaction  with 
ammonium  molybdate. 

After  combustion  the  ash  was  foimd  to  contain  potassium, 
sodium  and  phosphorus.  When  the  crude  substance  is  treated  by 
the  Van  Slyke  method  for  amino  nitrogen  a  small  quantity  of 
nitrogen  is  liberated. 

Lack  of  time  has  prevented  the  further  examination  of  this  body 
and  it  has  not  been  isolated  in  pure  form. 
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laolatian  of  the  free  acid  from  the  barium  eali. 

The  barium  salt  previously  described  (3.2  grams  dry  substance) 
was  suspended  in  100  oc.  of  water  and  decomposed  with  a  slight 
excess  of  dilute  sulphuric  acid,  the  barium  sulphate  was  removed 
by  filtration  and  the  filtrate  precipitated  with  excess  of  copper 
acetate.  The  copper  salt  was  filtered,  thoroughly  washed  in 
water,  suspended  in  water  and  decomposed  with  hydrogen  sul- 
phide. The  copper  sulphide  was  filtered  off  and  the  filtrate  con- 
centrated in  vacuum  to  small  bulk  and  finally  dried  in  vacuum 
over  sulphuric  acid  until  it  was  of  a  thick  syrupy  consistency. 
After  drying  at  100^  to  constant  weight  the  substance  was  analyzed. 

0.2907  gram  subetance  gave  0.1052  gram  HtO  and  0.1855  gram  COt. 
0.1787  gram  substance  gave  0.0642  gram  HtO  and  0.1144  gram  COt. 
0.1816  gram  substance  gave  0.1331  gram  MgtPtOr. 
Found:     I.  C,  17.40;  H,  4.04;  P,  20.43  per  cent. 

II.  C,  17.46;  H,  4.02  per  cent. 
These  results  lead  to  the  empirical  formula,  CtoHMOitP*. 
Calculated  for  CtoHuO«fPt  -  1358:  C,  17.67;  H,  4.05;  P,  20.54  per  cent. 

This  compound  differs  in  composition  from  the  barium  salt  from 
which  it  was  prepared  by  C(HioO(,  i.e.,  by  the  elements  of  one 
pentose.  This  had  probably  been  split  off  in  the  decomposition 
of  the  barium  salt  with  the  dilute  sulphuric  acid  or  else  by  the 
copper  acetate,  and  if  so  should  be  found  in  the  filtrate  after  the 
copper  salt  of  the  acid  had  been  removed.  The  filtrate  was  there- 
fore examined  as  follows:  The  copper  was  removed  by  hydrogen 
sulphide  and  the  filtrate,  after  boiling  off  excess  of  HsS,  was  pre- 
cipitated with  excess  of  barium  hydroxide,  filtered,  and  the  barium 
precipitated  quantitatively  with  sulphuric  acid  and  the  resulting 
filtrate  evaporated  to  small  bulk  in  vacuum.  The  solution  was 
then  found  to  reduce  Fehling's  solution  on  boiling  and  ammoniacal 
silver  uitrate  was  also  reduced.  Unfortunately  the  amounf  of 
substance  obtained  was  too  small  to  permit  further  examination. 
There  is,  however,  absolutely  no  doubt  that  a  reducing  body, 
probably  pentose,  was  present. 

Properties  of  the  free  acid,  C2oHtt049P9* 

Dried  in  the  desiccator  it  forms  first  a  light  amber  colored  thick 
syrup  which  on  continued  drying  forms  a  thick  sticky  mass.  It  is 
very  soluble  in  water  and  also  readily  soluble  in  alcohol  from  which 
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it  separates  on  the  addition  of  ether  as  a  white  precipitate  which 
collects  on  the  sides  of  the  test  tube  in  small  oily  drops. 

The  aqueous  solution  has  a  strong  acid  reaction  and  a  pleasant 
sharp  acid  taste  and  it  gives  the  following  reactions: 

Magnesium  acetate  does  not  give  a  precipitate  but  the  addition 
of  calcium  acetate,  barium  chloride  or  alcohol  causes  in  this  solu- 
tion a  white  precipitate. 

Silver  nitrate  does  not  produce  any  precipitate  but  the  addition 
of  alcohol  gives  a  white  amorphous  precipitate  of  the  silver  salt. 

It  is  not  precipitated  by  barium  or  calcium  chlorides  but  the 
acetates  of  these  metals  and  their  hydroxides  give  white  amorphous 
precipitates  which  are  soluble  in  acetic  and  mineral  acids. 

•  Ferric  chloride  causes  a  white  precipitate  which  is  readily  soluble 
in  dilute  hydrochloric  or  nitric  acids. 

The  alkali  salts  are  very  soluble  in  water  but  in  these  solutions 
salts  of  the  alkaline  earths  or  the  heavy  metals  produce  white  pre- 
cipitates.   The  addition  of  alcohol  also  produces  white  precipitates. 

The  ordinary  molybdate  solution  does  not  give  any  precipitate 
in  dilute  solutions  of  the  acid;  in  concentrated  solutions  a  yellowish 
white  precipitate  is  obtained.  On  acidifying  with  nitric  acid  and 
heating,  the  yellow  phosphomolybdate  is  slowly  precipitated. 

The  aqueous  solution  of  the  acid  is  only  incompletely  precipi- 
tated by  magnesia  mixture.  A  slight  white-colored  amorphous 
precipitate  is  obtained  but  the  addition  of  alcohol  produces  a  vol- 
uminous white  precipitate.  This  product  is  however  not  a  pure 
salt  as  shown  by  the  following  results  which  were  obtained  on 
analysis  of  the  dried  precipitate: 

Found:  Mg,  11.29;  N,  2.40;  P,  16:45  per  cent. 

These  numbers  do  not  agree  with  any  formula  for  a  pure  magne- 
sium ammonium  salt  of  the  above  acid. 

A  larger  quantity  of  the  barium  salt  was  prepared  by  treating 
25  grams  of  the  substance  with  barium  hydroxide  and  purifying  the 
barium  salt  in  the  same  way  as  before,  except  that  after  precipitat- 
ing the  dilute  hydrochloric  acid  solution  with  alcohol  the  mixture 
was  allowed  to  stand  for  several  days. 

After  drying  at  125**  the  following  results  were  obtained  on 
analysis: 

G,  12.06;  H,  2.46;  P,  13.83;  Ba,  32.19  per  cent. 
C,  11.85;  H,  2.32;  P,  13.82;  Ba,  32.08  per  cent. 
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Although  the  barium  is  found  somewhat  low  this  salt  corresponds 
to  the  penta-barium  salt  of  the  acid,  C2oHfi6049P9* 

For  CsoHaOitPtBai  >  2035. 

Calculated:  C,  11.79;  H,  2.21;  P,  13.71;  Ba,  33.76  per  cent. 

The  free  acid  prepared  from  this  salt  by  the  same  method  as 
before  gave  the  following  results  on  analysis  after  previously  dry- 
ing at  130**. 

I.  C,  16.91;  H,  3.96;  P,  20.8S  per  cent. 
II.  C,  16.91;  H,  3.84  per  cent. 

It  appears  then  that  the  substance,  CS5H6SO54P9)  is  very  sensi- 
tive to  acids  and  that  when  it  is  kept  in  contact  with  even  dilute 
acids  for  any  length  of  time  the  elements  of  one  pentose,  CftHioOs, 
are  split  off. 

Brucine  saU  of  the  acid,  C2oH»04«P9. 

While  it  was  impossible  to  obtain  any  crystalline  salts  of  the 
above  acid  with  inorganic  bases  it  gave  a  crystalline  brucine  salt 
of  the  formula  CaoH»049P9(C«iHie04N,)io  +  30  H,0. 

About  1  gram  of  the  acid  was  dissolved  in  a  small  quantity  of 
water  and  brucine  was  then  added  until  the  solution  showed  a 
slight  alkaline  reaction.  After  diluting  the  solution  with  150  cc. 
of  alcohol  and  30  cc.  of  chloroform,  ether  was  added  until  a  slight 
permanent  turbidity  remained.  On  standing  for  several  da3rs  at 
room  temperature  in  a  well  closed  Erienmeyer  flask  the  substance 
separated  slowly  in  long  white  silky  needle-shaped  crystals. 

In  the  absence  of  chloroform  or  in  more  concentrated  solutions 
only  amorphous  white  precipitates  are  obtained. 

The  crystals  were  filtered  off  and  washed  in  a  mixture  containing 
equal  parts  of  alcohol  and  ether  and  finally  in  ether  and  dried  in  the 
air.    Yield,  about  0.5  gram. 

The  substance  is  very  soluble  in  water,  readily  soluble  in  alcohol 
but  insoluble  in  ether  or  chloroform. 

Heated  in  a  capillary  tube  the  substance  melts  at  196^-198^  but 
the  melting  point  is  not  sharp.  On  moist  litmus  paper  it  shows  a 
strong  acid  reaction.  It  loses  weight  on  drying  corresponding  to 
30  HsO.    The  dried  substance  was  analyzed. 
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0.1364  gram  substanoe  lost  0.0124  gram  H|0  and  0.1306  gram  substanee 
lost  O.OnS  gram  HsO. 
0.1240  gram  substance  gave  0.0694  gram  HsO  and  0.2557  gram  CX)t. 
0.1383  gram  substance  gave  0.0233  gram  MgsPtOr. 
0.1190  gram  substance  gave  6.1  cc.  of  nitrogen  at  16®  and  746  mm. 
For  CoHwO^tP.  (C,.H,«04N,),o  -  6298. 
Calculated:  C,  56.62;  H,  5.94;  P,  5.26;  N,  5.28  per  cent. 
Found:  C,  56.24;  H,  6.26;  P,  4.69;  N,  5.86  per  cent. 

Calculated  for  30  HsO:  9.24  per  cent;  found:  9.09  and  9.02  per  cent. 

Action  of  dilute  sulphuric  acid  on  the  barium  8aU,  C2oH4i04iPftBa^ 

Five  grams  of  the  air-dried  salt  were  boiled  for  one  hour  under  a 
reflux  condenser  with  100  cc.  of  ^  HsSOi.  The  reaction  mixture 
was  precipitated  with  slight  excess  of  barium  hydroxide,  filtered  and 
washed  with  water.  The  filtrate  was  examined  as  mentioned 
below. 

The  barium  precipitate  was  shaken  up  with  300  cc.  of  0.5  per 
cent  hydrochloric  acid  and  the  insoluble  portion  filtered  off.  To 
the  filtrate  was  added  an  equal  volume  of  alcohol  and  the  white 
flocculent  precipitate  filtered  off  and  washed  in  dilute  alcohol.  It 
was  again  dissolved  in  0.5  per  cent  hydrochloric  acid,  precipitated 
with  alcohol,  filtered,  washed  free  of  hydrochloric  acid  with  dilute 
alcohol  and  then  in  alcohol  and  ether  and  dried  in  vacuum  over 
sulphuric  acid.  Yield,  2  grams.  The  product  was  a  white  amor- 
phous powder.  After  drying  at  120^  the  following  results  were 
obtained  on  analysis: 

Found:  C,  11.64;  H,  2.26;  P,  13.96;  Ba,  33.26  per  cent. 

This  corresponds  exactly  with  the  composition  of  the  substance 
before  treatment  with  »  H2SO4.  It  is  apparent  therefore  that  no 
partial  decomposition  takes  place. 

Examination  of  the  fiUrate  from  above. 

The  excess  of  barium  hydroxide  was  removed  with  carbon  diox- 
ide and,  after  filtering,  the  filtrate  was  concentrated  in  vacuum  at 
a  temperature  of  35^-40^  to  small  bulk,  again  filtered  and  finally 
dried  in  vacuum  over  sulphuric  acid.  There  remained  0.08  gram 
of  a  slightly  amber  colored  amorphous  mass,  of  weak  acid  reaction 
on  litmus  paper  and  a  slightly  acid  taste.    The  aqueous  solution 
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reduced  Fehling's  solution  dtrongly  on  boiling  and  it  also  gave  the 
orcine  and  phloroglucine  reactions.  The  small  quantity  of  the 
substance  prevented  any  further  examination. 

In  another  case  2.5  grams  of  the  same  barium  salt  were  boiled 
with  100  cc.  of  J}  HsS04  imder  a  reflux  condenser  for  ten  hours. 
After  treating  in  the  same  way  as«  above  0.3  gram  of  imchanged 
substance  was  obtained  and  the  filtrate  showed  exactly  the  same 
properties  as  mentioned  above.    Attempts  to  isolate  inosite  failed. 

Preparation  of  inosite  from  the  barium  eaU,  CsoH45049P9BaK. 

Of  the  same  barium  salt  2.73  grams  and  20  cc  of  5n  HtS04  were 
heated  in  a  sealed  tube  for  three  hours  to  160^.  There  was  no 
pressure  noticeable  on  opening  the  tube.  Some  free  carbon  had 
separated  and  the  solution  was  of  light  brown  color.  The  neutral- 
ized solution  did  not  reduce  Fehling's  solution.  The  inosite  was 
isolated  in  the  usual  way  and  after  recrystallizing  from  dilute  alco- 
hol and  ether  was  obtained  in  needle-shaped  crystals,  free  from 
water  of  crystallization.  It  gave  the  reaction  of  Scherer  and 
melted  at  220.5°  (uncorrected)  which  leaves  no  doubt  but  that  the 
substance  was  pure  inosite.  Yield,  0.73  gram,  which  is  equal  to 
90  per  cent  of  the  total  carbon  present  in  the  barium  salt  used. 
The  air-dried  substance  was  analyzed. 

0.1649  gram  subetance  gave  0.1038  gram  HtO  and  0.2406  gram  COt. 
0.1323  gram  substance  gave  0.0815  gram  H|0  and  0.1031  gram  COs. 
For  CoH,(OH).  -  180. 
Calculated:  C,  40.00;  H,  6.66  per  cent. 
Found:  C,  39.80;  H,  7.04  per  cent. 

C,  39.80;  H,  6.89  per  cent. 

The  0.2  per  cent  hydrochloric  acid  extract  of  bran  contains 
some  dissolved  proteins.  On  precipitating  with  alcohol  these  are 
thrown  down  together  with  the  phosphorus  compounds.  Their 
presence  makes  the  subsequent  purification  difficult,  especially 
the  filtrations,  because  the  proteins  have  been  rendered  more  or 
less  insoluble  and  form  a  fine  slimy  mass  which  clogs  the  filter  paper 
to  such  an  extent  as  to  make  filtration  even  by  suction  extremely 
tedious. 

In  order  to  obviate  this,  the  suggestion  was  made  by  Dr.  Jordan 
to  first  precipitate  the  bran  extract  with  tannic  acid. 
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The  addition  of  tannic  add  was  found  to  cause  a  voluminous 
and  very  fine  precipitate  which  after  standing  a  short  time  becomes 
coarser  and  may  then  be  easily  removed  by  simple  filtration.  The 
resulting  filtrate  is  nearly  colorless  or  of  light  amber  color.  Alcohol 
produces  in  this  solution  a  nearly  colorless  precipitate  which  is 
much  more  easily  purified  than  the  product  obtained  without  first 
precipitating  with  tannic  acid. 

With  only  this  modification  some  of  the  substance  was  prepared 
from  wheat  bran.  It  was  found,  however,  to  differ  slightly  in  com- 
position from  that  obtained  by  the  first  method.  On  analysis  the 
following  results  were  obtained: 

C,  19.61;  H,  3.09;  P,  16.23;  Ca,  0.38;  Mg,  7.36;  K,  2.76;  N,  0.67  per  cent. 

On  treating  this  substance  with  barium  hydroxide  and  purifying 
the  resulting  precipitate  in  the  same  way  as  before,  the  same  barium 
salt  was  obtained: 

For  CiiHiiOMP»Bai  -  2184. 

Calculated:  C,  13.73;  H,  2.61;  P,  12.76;  Ba,  31.44  per  cent. 

Found:  C,  13.00;  H,  2.46;  P,  12.47;  Ba,  33.00  per  cent. 

The  difference  in  composition  of  the  crude  substance  must 
therefore  be  due  to  the  smaller  amount  of  the  nitrogen-containing 
body  which  this  preparation  was  found  to  hold.  In  the  analysis  of 
the  crude  substance  only  0.57  per  cent  nitrogen  was  foimd,  whereas 
the  first  preparation  had  four  times,  and  the  second  preparation 
two  times  as  much. 

Isolation  of  the  substance  as  a  barium  salt  direcUy  from  the  bran 

extract. 

The  bran  was  digested  with  0.2  per  cent  hydrochloric  acid  over 
night.  The  strained  extract  was  precipitated  with  tannic  acid, 
filtered  and  a  solution  of  bariimi  chloride  added  which  caused  a 
small  precipitate  to  separate.  An  equal  volimie  of  alcohol  was 
then  added.  After  settling,  the  precipitate  was  filtered  and  puri- 
fied as  follows:  The  sdbstance  was  dissolved  in  0.5  per  oeat  hydro- 
chloric acid,  precipitated  with  barium  hydroxide  in  excess,  filtered, 
again  dissolved  in  the  same  strength  hydrochloric  acid  and  then 
precipitated  with  alcohol.    It  was  then  precipitated  a  second 
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time  with  barium  hydroxide  and  after  that  precipitated  from  0.5 
per  cent  hydrochloric  acid  with  alcohol  until  the  product  did  not 
give  any  reaction  with  ammonium  molybdate. 

A  white  amorphous  powder  was  finally  obtained.  On  moist 
litmus  paper  it  showed  a  strong  acid  reaction.  After  drying  at  105^ 
in  vacuum  over  phosphorus  pentoxide  it  was  analyzed. 

0.2870  gram  substance  gave  0.0630  gram  HsO  and  0.1584  gram  COs. 
0.3066  gram  substance  gave  0.0653  gram  HsO  and  0.1700  gram  COs. 
0.2632  gram  substance  gave  0.1437  gram  BaSO«  and  0.1020  gram  MgsPsOT. 
Found:     I.  C,  15.05;  H,  2.45;  P,  10.80;  Ba,  32.12  per  cent. 

II.  C,  15.12;  H,  2.38  per  cent. 
Distilled  with  12  per  cent  HCi,  0.4736  gram  substance  gave  0.0071  gram 
phlorogiucid. 

As  will  be  noticed  this  compound  contains  a  considerably  larger 
percentage  of  carbon  than  any  of  the  previous  preparations  and  a 
correspondingly  low  percentage  of  phosphorus.  Calculated  on  the 
same  basis  as  before,  it  would  correspond  to  a  molecule  with  C, 
30  or  32.  By  acting  upon  this  compound  with  dilute  sulphuric 
acid  some  reducing  body  is  split  off  and  the  salt,  CvHuQUP^BsHf 
results,  identical  with  that  obtained  in  the  first  case  from  the 
crude  substance. 

One  gram  of  the  above  barium  salt  was  digested  for  about  ten 
minutes  with  20  cc.  of  normal  sulphuric  acid  and  heated  nearly  to 
boiling.  It  was  then  precipitated  with  excess  of  barium  hydroxide 
and  filtered. 

The  filtrate  was  freed  from  excess  of  barium  hydroxide  with 
carbon  dioxide,  filtered,  and  evaporated  to  small  bulk  and  again 
filtered.  It  was  then  foimd  to  reduce  Fehling's  solution  strongly 
on  boiling  and  to  give  the  orcine  and  phloroglucine  reactions,  show- 
ing conclusively  that  a  reducing  body  of  some  kind  had  been  split 
off  by  the  action  of  the  sulphuric  acid. 

The  barium  precipitate  from  the  above  was  shaken  up  with  a 
small  quantity  of  0.5  per  cent  hydrochloric  acid,  filtered  and  the 
filtrate  precipitated  by  adding  an  equal  volume  of  alcohol.  After 
again  precipitating  in  the  same  manner  the  substance  was  filtered, 
washed  in  dilute  alcohol,  alcohol  and  ether  and  dried  in  vacuum 
over  sulphuric  acid.  The  substance  weighed  0.45  gram.  For  analy- 
sis it  was  dried  at  105^  in  vacuum  over  phosphorus  pentoxide. 
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0.2326  gram  substance  gave  0.0525  gram  H«0  and  0.1206  gram  €X)i. 
0.1859  gram  substance  gave  0.1009  gram  BaS04  and  0.0804  gram  MgiPiOr. 
Found:  C,  14.16;  H,  2.52;  P,  12.05;  Ba,  31.94  per  cent. 
Calculated  for  CtiHuOMPtBai  -  2184. 

C,  13.73;  H,  2.51;  P,  12.76;  Ba,  31.44  per  cent. 

This  substance  is  therefore  identical  with  the  barium  salt  pr^ 
pared  from  the  previously  isolated  crude  compound. 

We  are  planning  to  carry  out  a  complete  investigation  conoon- 
ing  this  organic  phosphoric  acid  of  wheat  bran  and  its  cleavage 
products.  It  is  desired  especially  to  isolate  and  identify  the  redu^ 
ing  bodies  formed  on  cleavage  with  dilute  acid.  We  also  wish  to 
take  up  the  study  of  the  nitrogen-containing  substance  and  beg 
to  reserve  the  further  investigation  of  these  bodies. 
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Bt  ARTHUR  I.  KENDALL  and  CHESTER  J.  FARMER. 

,       (From  the  Labaralariea  of  Biological  Chemistry  and  Preventive  Medicine  and 
Hygiene,  Harvard  Medical  School.) 

(Received  for  publication,  July  30,  1912.) 

I  Of  the  orgamsms  investigated  in  this  series,  the  Flexner  and 

Shiga  types  of  the  dysentery  bacillus,  Bacillua  typhosus  ''A"  and 
Farat3rphoid  a  need  no  comment;  the  analjrtical  results  are  strik- 
ingly similar  to  those  previously  described  with  the  same  species 
of  bacteria,  but  with  di£ferent  strains.^  The  object  of  studying 
different  strains  of  the  same  bacillus  from  different  sources  is  to 
confirm  our  idea  that  the  growth  curves  should  be  very  similar. 
Such  appears  to  be  the  case. 

B.  alcaligenes  is  an  organism  belonging  to  the  t3rphoid-dysen- 
tery  group;  it  differs  culturally  from  these  bacteria  chiefly  because 
it  ferments  no  sugars.  The  ammonia  formation  of  B.  alcaligenes 
is  qualitatively  and  quantitatively  like  the  other  members  of  the 
group  in  sugar-free  broth.  The  reaction  in  sugar-free  broth  is 
also  practically  the  same.  In  sugar-containing  broth,  the  reaction 
and  ammonia  formation  is  parallel  to  that  in  broth  containing  no 
carbohydrate.  This  is  to  be  expected,  and  in  a  measure  this  find- 
ing is  evidence  of  the  correctness  of  the  hypothesis  that  "fermen- 
tation takes  precedence  over  putrefaction."  The  bacillus  cannot 
attack  sugar,  hence  the  sugar  acts  as  a  foreign  body,  taking  no 
part  in  the  metabolic  processes  of  this  organism. 

Cholera  "Hamburg"  is  a  typical  cholera  vibrio  which  has  been 
on  artificial  media  for  several  years.  It  is  not  as  active  proteo- 
l3rtically  as  the  "Cholera  Boston"  culture,  but  it  is  nevertheless  a 
strong  ammonia  producer.  The  same  sparing  action  of  sugar  for 
protein  is  exhibited  by  the  Hamburg  culture  as  was  the  case  with 
the  Boston  culture. 

Typhoid  "M"  was  obtained  from  an  intermittent  typhoid  carrier 

1  This  Journal,  xii,  pp.  13,  19,  215,  219,  1912. 
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bf  five  years'  standing.  Prior  to  the  isolation  of  this  organism  no 
suspicion  of  harboring  typhoid  bacilli  was  attached  to  the  patient, 
and  no  history  of  secondary  cases  attributable  to  him  can  be 
obtained.  Repeated  examinations  failed  to  reveal  typhoid  bacilli 
before  or  after  the  isolation  of  the  strain  studied  here.  The  organ- 
ism is  typical  culturally  and  morphologically  and  agglutinates 
promptly  at  a  dilution  of  1  to  3200  with  a  specific  serum.  The 
slight  irregularities  in  the  growth  curve  are  partly  accounted 
for  by  the  fact  that  the  organism  was  freshly  isolated,  having  been 
on  artificial  media  but  ten  days  before  it  was  studied.  The  cul- 
ture was  of  undoubted  purity.  The  general  type  of  growth  curve 
is  like  that  of  the  other  strains  of  B,  typAosiM  studied  in  this  series 
of  experiments. 

Paratyphoid  "y  18"  deserves  special  mention :  it  will  be  seen  that 
this  bacillus  broke  down  a  considerable  amount  of  protein  even  in 
the  presence  of  dextrose  which  it  could  use,  more  so  than  any  oigan- 
ism  previously  described  by  us.  We  believe  that  this  bacillus  uses 
up  dextrose  very  rapidly,  and  that  the  continually  decreasing 
residual  amount  of  dextrose  in  the  medium  is  insufficient  to  fully 
meet  the  metabolic  requirements  of  the  rapidly  growing  baciUi. 
This  forces  them  to  utilize  protein  not  only  for  structural  purposes, 
but  partly  at  least  for  fuel  as  well.  Further  experiments  are  in 
progress  to  elucidate  this  phenomenon. 

B.  cloacae  also  breaks  down  protein  rather  rapidly  in  the  presence 
of  dextrose.  The  reaction  curve  of  this  organism  is  instructive; 
at  first  the  reaction  is  distinctly  acid,  but  in  a  short  time  the  reac- 
tion becomes  alkaline,  and  the  alkalinity  progressively  increases. 
We  believe  that  this  organism,  in  common  with  Paratyphoid  "r 
18,"  utilizes  dextrose  with  great.rapidity,  and  that  the  amount  of 
dextrose  present  in  our  media  (1  per  cent)  is  not  large  enough  to 
furnish  energy  except  for  the  first  days  of  growth. 

H-61  has  been  described  before.*  The  diminution  of  ammonia 
content,  which  we  have  designated  as  the  ''n^ative  ammonia 
phase"  is  strikingly  shown  in  the  table;  more  than  30  per  cent  of  the 
ammonia  originally  present  in  the  medium  has  disappeared  at  the 
end  of  eight  days.  This  negative  ammonia  phase  is  seen  in  the 
early  days  of  growth  in  several  organisms  described  previously, 
although  in  much  less  active  form. 

*  This  Journal,  xii,  p.  19,  1912. 
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TABLE  1. 
Broth  E, 


Control . 


B.  CloacsD. 


Cholera  Hamburg. 


Paratyphoid  "7  18". 


Typhoid  "M''  (Typhoid  carrier) 


B.  dysenteriae,  ''Flexncr". 


B.  alcaligenes. 


Typhoid  "A'' 


PLAIN  BROTH 


& 


24.50 

28.00 
30.45 
36.40 
38.50 

27.65 
37.45 
34.65 
50.75 

36.75 
36.75 
36.05 
37.80 

26.95 
26.95 
26.60 
28.00 

25.90 
25.90 
27.30 
27.65 

^.35 
28.70 
32.55 
33.25 

27.30 
28.00 
28.70 
29.06 

i 


5Z 


I 


11.87 


|8 
|8l 


-0.60 


13.3&-0.25 


14.50 
17.30 
18.50 


13.15 
17.80 
16.50 
24.20 

17.50 
17.50 
17.20 
18.00 

12.80 
12.80 
12.70 
13.35 

12.30 
12.30 
13.00 
13.15 

13.50 
13.65 
15.50 
15.80 

13.00 
13.30 
13.65 
13.80 


-0.75 
-1.25 
-1.50 


-0.50 

0.00 

-1.60 

-2.75 

-0.25 

0.00 

-1.00 

-2.00 

-0.60 
-0.60 
-2.00 
-1.50 

-0.25 

0.00 

-0.25 

-1.00 

-0.60 

-0.50 

-2.00 

1.60 

-0.60 
-0.60 
-0.75 
-1.25 


DBXTBOBB  BROTH 


1^8 


24.50  11.67 


26.96' 
26.60 
30.46 
36.05 


26.25 
29.75 


12. 
12.66 
14.50 
17.20 


80+1 


25.9q  12.36+0.60 
25 
26 
.26 


28.00 


12. 
14. 
13. 


60+1. 
20+2. 
35+2. 


36.76  17.501+0 
37.75I  18.00+2 
20+2 
20+2 


36.06 
36.06 


17. 

17. 


26.26  12.^ 

28.00  13. 

27.66  13. 

27.05  12.901+2. 


25.65  12.15+1.76 
27.05  12.301+2.26 
27.30  12.90+2.50 
26.96  12.80+2.50 


26.96 
26.96 
26.96 
27.30 


-0.60 


00 
-0.26 
-1.06 
-1.25 


50+1 
35|+1 
16+2 


76 
25 
60 
25 

75 
75 
.25 
76 


27.66  13.15-0.60 
29.061  13.80-1.50 
31.60  15.00-1.75 
32.90  16.70-1.25 


12.80-0.60 
12.80+2.60 
12.80+2.60 
13.00+3.25 
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TABLE  1— Continued 


H-61. 


B.  dysenteriae,  ''Shiga' 


Paratjrphoida. 


PLAUf  BROTH 


22.75 
19.95 
17.30 
14.70 

22.60 
28.00 
29.40 
29.40 

26.60 
28.88 
30.10 
31.50 


iZ 

H 


10.80 
9.50 
8.35 
7.00 


10.751+0 
13.35 
14.00 
14.00 


12.70 
13.30 
14.30 
15.00 


8 


a 


-1.00 
-2.00 
-2.50 
-2.75 


25 
-0.50 
-0.75 
-0.50 


-0.50 
-0.75 
-0.75 
-1.00 


DBXTKOSB  BBOTH 


22.40 
17.50 
16.80 
14.35 

25.90 
26.00 
27.30 
26.95 

25.55 
26.95 
28.00 
28.00 


1*^ 


^.lil 


10.66|-0.75 

8.351-2.00 
8.0O|-2.50 
6.84,-2.50 

12.35 +0.5D 
12.4O[-|-2.00 
13.OOI+2.00 
12.8(>+2.7^ 

12,20+2.00 
12.8O+2.00 
13.30(+225 
13.30{+275 
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Bt  ARTHUR  I.  KENDALL  and  CHESTER  J.  FARMER. 

(From  the  LaborcUories  of  Biological  Chemistry  and  Preventive  Medicine  and 
Hygiene,  Harvard  Medical  School,) 

(Received  for  publication,  July  30,  1912.) 

B.  typhosus  and  B.  dysenteriae  (Shiga  type)  are  strains  of  these 
organisms  not  previously  studied  by  us.  Their  growth  curves 
are  practically  identical  with  those  of  other  strains  described  pre- 
viously.^ The  table  shown  indicates  not  only  the  ammonia  and 
reaction  curves  in  sugar  and  sugar-free  broth  respectively,  but 
the  daily  rate  of  metabolism  of  dextrose.  The  Shiga  bacillus 
shows  very  distinctly  the  formation  of  acid  in  sugar-free  broth, 
referred  to  in  our  last  communications.*  The  explanation  for 
this  acid  formation  has  been  formulated  in  the  fourth  article  of 
our  series'  and  needs  no  further  conunent  here. 

B,  cLaacae,  I  and  II,  show  the  same  initial  acidity,  followed  by  a 
quick  return  to  alkalinity  as  did  the  strain  described  in  the  preced- 
ing commimication  of  this  series.  On  the  third  day  the  reaction 
was  strongly  alkaline.  The  rate  of  decomposition  of  sugar  by 
these  bacteria,  amounting  to  about  75  per  cent  (of  which  63  per 
cent  was  used  up  the  first  twenty-four  hours),  explains  the  reason 
for  this  terminal  alkaline  reaction;  the  findings  are  in  accord  with 
the  opinion  expressed  in  the  previous  commimication  upon  this 
phenomenon. 

Paratyphoid  y  16  and  4  are  strains  similar  culturally  to  Para- 
typhoid y  18  described  previously.  They  produce  considerable 
amoimts  of  ammonia,  even  in  the  presence  of  dextrose,  thus  agree- 
ing essentially  with  the  strain  mentioned  above  in  this  respect. 
The  reaction,  however,  becomes  progressively  acid.    These  bac- 

1  This  Journal,  xii,  pp.  13, 19,  215,  219, 1912. 

*  /Wd.,  xii,  p.  216,  1912.  ^       ^  ^  (^nnalp 
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TABI2  L 
Broth  P. 


FUmr  BBOTB 

DULTBon  ■■on 

1. 

1 

1. 

1 

6 
S 
8 

0 

1 

II 

a  ^ 

1  r| 

88 

P 

II 
1* 

88 
P 

IMretnl 

p§t  cnU 

ptremt 

Control 

1 

34.30 
31.15 

16.35 
14.85 

+0.25 
-0.25 

34.30 

16.35 

+0.25 
+2.75 

1 
31.50  15.00 

6.85 

B.  Typhosus 

3 

32.20 

15.35 

-0.25 

31.95 

15.15 

+3.25 

28.80 

Mm     /M| 

^  f»««Wl**»» 

6 

44.10 

19.50 

—1.50 

32.90 

15.65 

+3.25 

41.00 

,8 

44.30 

23.00 

-1.50 

34.30 

16.35 

+3.75 

47.30 

1 

32.20 

15.35 

-0.50 

30.10 

14.30 

+0.75 

63.00 

B.  Cloacae  I 

3 

42.70 

20.30 

-1.50 

37.10 

17.65  -0.75 

74.80 

mm    4i% 

6 

49.70 

23.70 

-3.00 

50.40 

24.20—1.50 

77.40 

.8 

49.70 

23.70 

-3.25 

62.30 

29.65 

-2.26 

82.20 

1 

42.00 

20.00 

-1.00 

37.10 

17.65+1.75 

41.10 

3 

57.40 

27.35 

-2.00 

40.95 

19.60'+2.75 

64.40 

Paratyphoid  "yi"... 

6 

84.70 

40.30 

-3.25 

42.00 

20.00'+2.S0 

63.00 

.8 

95.20 

45.40 

-4.25 

44.45 

21.20+3.50 

72.00 

1 

31.85 

15.15 

+0.25 

30.80 

14.70+2.00 

23.30 

Shiga  Bacillus 

3 

35.00 

16.65 

+0.75 

32.90 

15.65+3.25 

28.80 

7 

37.80 

18.00 

*0.00 

32.20 

15.35+2.75 

47.20 

.9 

40.95 

19.50 

-0.25 

34.65 

16.50+2.75 

50.70 

fl 

45.50 

21.70 

*0.00 

48.65 

23.15 

+0.60 

38.40 

3 

57.40 

27.30 

-1.25 

53.20 

25.40 

+2.75 

63.00 

Paratyphoid  "7I6"... 

7 

61.95 

29.50 

-2.50 

55.65 

26.50 

+3.25 

68.40 

9 

09.65 

33.20 

-2.75 

59.85 

28.50 

+4.25 

77.40 

1 

31.85 

15.15 

*0.00 

30.10 

14.35 

+1.00 

66.40 

B.  Cloacae  II 

I 

42.00 

20.00 

-0.75 

35.00 

16.70 

-2.00 
-2.50 

74.80 
74.80 

7 

46.20 

22.00 

—3.25 

53.20 

25.40 

9 

53.90 

25.70 

-3.75 

57.40 

27.30 

-2.75 

76.80 
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teria  grow  with  unusual  rapidity,  and  it  is  possible  that  the  rapidity 
of  growth  necessitates  a  considerable  amount  of  protein  breakdown 
to  supply  the  necessary  nitrogen  for  structural  purposes.  These 
strains  also  utilize  about  72  per  cent  of  the  dextrose  of  the  medium. 
This  utilization  of  dextrose  suggests  a  large  fuel  requirement;  the 
rather  uniform  breakdown  of  the  sugar  contrasting  in  this  respect 
with  the  large  initial  breakdown  of  dextrose  in  the  case  of  the  vari- 
ous strains  of  B.  cloacae,  where,  it  will  be  remembered,  the  break- 
down of  sugar  was  largely  within  the  first  twenty-four  hours  of 
growth.  In  the  case  of  Parat3rphoid  7,  we  are  inclined  to  believe 
that  the  utilization  of  dextrose  is  far  less  per  unit  time  per  organism 
than  is  the  case  with  the  various  strains  of  B.  cloacae,  where  the 
sugar  largely  disappears  within  the  first  day  of  growth,  forcing  the 
bacteria  to  derive  at  least  part  of  their  fuel  from  nitrogenous 
products. 
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Our  notions  regarding  the  relation  of  the  food  proteins  to  tissue 
proteins,  and  the  rdle  of  proteins  in  nutrition  h^ve  experienced 
radical  changes  in  recent  years.  Side  by  side  with  the  increasing 
evidence  of  distinct  structural  di£ferences  between  the  albuminous 
compounds  of  different  origin  and  the  chemical  dissimilarity  which 
may  even  characterize  two  proteins  derived  from  a  common  source, 
such  as  some  particular  seed,  has  arisen  the  well  founded  conviction 
that  it  is  impossible  to  develop  marked  changes  in  the  character 
of  the  tissues  of  animals  correlated  with  the  character  of  the  food 
ingested.  Whatever  may  be  the  source,  or  chemical  make-up,  of 
the  latter  previous  to  its  involvement  in  the  nutritive  processes, 
the  resulting  tissue  cells  and  fluids  remain  characteristic  and 
specific  for  the  species.  ''Der  Artcharakter  wird  durch  die  Art 
der  Emfthrung  nicht  beeinflusst"  (Abderhalden). 

How  this  possibility  of  the  fixity  of  the  tissues  in  the  midst  of 
diversity  of  food  types  results  is  made  apparent  by  the  newer 
knowledge  respecting  the  rdle  of  digestion  in  nutrition.  The 
structural  peculiarities  which  determine  the  individuality  of  the 
proteins  are  lost  by  the  digestive  process;  hence  we  have  ultimately 
to  deal  with  the  fragments  of  the  original  complexes  in  the  problems 
pertaining  to  nutrition.  Our  food  stuffs  are  currently  assumed  to 
leave  the  alimentary  tract  largely,  if  not  entirely,  in  the  form  of 

^  The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
Agricultural  Experiment  Station  and  the  Carnegie  Institution  of  Washing- 
ton. 

*73  Digitized  by  Google 

TOB  iOUmirAL  or  BTOLOOroAL  CVBUnniT,  TOL.  Xn,  MO.  S. 


474  Gliadin  in  Nutrition 

the  so-called  amino-acid  ''Bausteine."  It  is  these  which  become 
our  immediate  concern  in  the  intermediary  problems  of  metabo- 
lism that  result  in  the  construction  or  renewal  of  the  specific  body 
protein.  Quoting  Abderhalden:  "Unsere  Kdrpersellen  erfahren 
niemals,  welcher  Art  die  aufgenommene  Nahrung  war/' 

In  the  organism  proper  the  proteins,  as  such,  may  be  responsible 
for  various  ph3rsiological  fimctions.  ''At  present  we  cannot  fully 
comprehend  the  rdle  of  the  proteins,  but  we  must  assume  that 
many  of  the  enigmatical  properties  of  living  matter  depend  on 
this  activity  of  intact  protein  molecules.  We  can  obtain  scune 
idea  of  the  possible  variety  in  the  combinations  of  the  protein 
Bausteine  by  recalling  the  fact  that  they  are  as  numerous  as  the 
letters  in  the  alphabet  which  are  capable  of  expressing  an  infinite 
number  of  thoughts.  Every  peculiarity  of  species  and  ev&y 
occurrence  affecting  the  individual  may^  be  indicated  by  special 
combinations  oT  protein  Bausteine,  that  is  to  say  by  specific  pro- 
teins. •  Consequently  we  may  readily  imderstand  how  peculiarity 
of  species  may  find  expression  in  the  chemical  nature  of  the  pro- 
teins constituting  living  matter,  and  how  they  may  be  transmitted 
through  the  material  contained  in  the  generative  cells."*  As  one 
of  us  has  written  earlier;  "The  results  of  my  work  have  shown 
that  no  two  seeds  are  alike  in  their  protein  constituents,  and  that 
those  proteins  which  appear  to  be  alike  are  found  only  in  seeds 
that  are  botanically  closely  related.  As  I  have  elsewhere  pointed 
out)  it  would  seem  that  these  differences  in  the  reserve  food  sub- 
stances of  the  endosperm  must  have  an  important  bearing  on  the 
character  of  the  developing  embryo  which  derives  its  first  food 
from  them.  This  food  substance,  and  the  embryo  as  well,  are 
the  final  products  of  the  series  of  chemical  changes  which  led  to 
their  formation.  "When  the  embryo  begins  its  development  it 
finds  at  hand  a  definite  food,  which  for  each  individual  of  the  same 
species  is  the  same,  but  for  the  individuals  of  different  species  is 
different.  Each  member  of  a  species  begins  its  independent  life 
under  similar  chemical  conditions,  but  under  chemical  conditions 
which  are  different  from  those  of  every  other  species.  When, 
therefore,  each  individual  plant  reaches  that<stage  of  development 
at  which  its  organs  of  assimilation  are  able  to  furnish  it  with  nutri- 

'Kossel:  Lectures  on  the  Herter  Foundation.  The  Proteins.  Johns 
Hopkins  Hospital  BuUetin,  xxiii,  p.  76,  1912. 
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ment  from  its  external  surroiindings,  it  is  highly  probable  that 
its  chemical  processes  have  already  been  established  along  definite 
lines  which  it  must  follow  throughout  the  rest  of  its  life."' 

In  the  preliminary  processes  of  metabolism,  however,  the  char- 
acter of  the  amino-acid  fragments  apparently  assumes  a  dominatmg 
importance.  The  modem  chemistry  of  the  proteins  has  dis- 
closed the  fact  that  the  variations  between  the  different  albiuni- 
nous  compounds  in  respect  to  their  Bausteine  may  be  both  quanti- 
tative and  qualitative  in  character.  This  has  raised  the  question 
of  the'  relative  physiological  value  of  unlike  proteins.  ''The  fact 
that  so  many  of  the  v^etable  proteins,  which  serve  extensively 
as  food,  have  been  shown,  by  our  present  investigation,  to  yield 
such  different  proportions  of  the  various  nitrogenous  decomposi- 
tion products,  as  compared  with  the  animal  proteins,  makes  it 
a  matter  of  the  greatest  interest  and  importance  to  know  some- 
thing more  of  the  processes  involved  in  this  synthesis.''^ 

Whether  protein  can  be  suitably  utilized  when  administered 
in  its  completely  digested  or  abiuret  form  as  well  as  in  its  natural 
condition  need  not  concern  us  here;  since  the  possibility  of  main- 
taining individuals  in  satisfactory  nutritive  balance,  at  least  for 
a  not  inconsiderable  time,  on  an  intake  made  up  exclusively  of 
Bausteine  has  been  demonstrated.  It  would  seem,  therefore,  as 
if  the  problem  of  replacing  the  larger  protein  complexes  by  their 
elementary  constituent  fragments  had  been  to  a  certain  extent 
solved.'  If  we  assimie,  in  harmony  with  some  of  the  prevailing 
views  of  metabolism,  and  notably  that  supported  by  Abderhalden, 
that  the  animal  must  construct  its  tissue  proteins  from  the  amino- 
acid  fragments  which  are  fiunished  by  protein  hydrolysis,  it  is 
obvious  that  deficiencies  in  quantity  in  the  Bausteine  or  a  lack 
of  one  or  more  of  them  must  lead  to  serious  nutritive  disturbances. 
The  chemical  fixity  of  the  tissues  imder  widely  differing  nutrient 
environment  points  in  the  same  direction.  Abderhalden  has 
maintained  that,  so  long  as  there  is  no  evidence  that  amino-acids 
can  readily  experience  a  transformation  into  one  another  in  the 
organism,  the  extent  of  protein  construction  in  the  body  must  be 

»  Osborne:  Proc,  Soc.  Exp.  Biol  and  Med,,  v,  p.  105,  1908. 
^  Osborne  and  Harris:    Jour,  Amer.  Chem.  Soc,  xxv,  p.  323,  1903. 
*Cf.  Abderhalden:   Synthese   der  Zellbausteine  in   P flame   und  Tier, 
Berlin,  1912. 
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limited  by  the  amino-acid  which  is  present  in  the  smallest  relative 
amount  in  our  intake.  The  fact  that  certain  proteins,  such  as 
gelatin  and  aein,  which  are  notably  defective  in  respect  to  the 
nimiber  of  the  amino-acids  which  they  jaeld,  are  unable  by  them- 
selves to  promote  nutritive  equilibrimn  and  supply  the  nitrogenous 
needs  of  the  diet  might  be  quoted  in  support  of  the  views  mentioned 
above.  If  Abderhalden's  hypothesis  regarding  the  nature  of  protein 
metabolism  is  correct  it  follows  that  those  food  proteins  which 
approach  most  nearly  to  the  tissue  proteins  in  their  amino-acid 
make-up  should  most  easily  supply  the  protein  needs  of  the  animal. 
Michaud'  has  undertaken  to  demonstrate,  in  accord  with  this, 
that  the  protein  minimum  of  dogs  can  be  maintained  at  a  lower 
level  when  the  intake  is  in  the  form  of  dog  tissue  than  in  the  form 
of  proteins  differing  widely  therefrom  in  their  chemical  make-up; 
yet  the  investigations  heretofore  recorded  with  these  proteins  lead 
to  the  belief  that  they  are,  at  least  to  some  degree,  utilized  as  food 
by  the  animal,  even  when  they  are  fed  as  the  sole  source  of  nitrogen. 
Some  of  these  proteins  lacking  one  or  more  of  the  cleavage  prod- 
ucts known  to  be  necessary  for  the  formation  of  the  proteins  of 
the  animal  body  are  of  relatively  high  efficiency  hi  preventing 
loss  of  body  nitrogen  due  to  endogenous  metabolism,  although 
they  are  insufficient  for  growth.^  It  is  evident  that  "the  process^ 
of  replacing  nitrogen  degraded  in  cellular  metabolism  are  not  of 
the  same  character  as  the  processes  of  growth.  It  seems  also 
to  be  a  necessary  conclusion  that  the  processes  of  cellular  cata- 
holism  and  repair  do  not  represent  a  series  of  chemical  changes 
involving  the  destruction  and  reconstruction  of  an  entire  protein 
molecule."*  Regarding  the  necessity  of  distinguishing  carefully 
between  maintenance,  repair  and  growth  in  nutrition  we  shall 
have  more  to  say  later.  Undoubtedly  the  failure  to  bear  these 
distinctions  in  mind  has  led  to  much  confusion  in  the  past.  Fur- 
thermore, investigators  have  heretofore  been  so  largely  concerned 
with  the  fimctions  of  proteins  as  a  whole  in  important  biological 
processes  that  the  possibility  of  their  individual  participation 

*Michaud:  Zettachr.  /.  pkynoL  Chem.,  Hx,  p.  405,  1909;  cf.  abo  Frank 
and  Schittenhelm:  ibid.,  Ixx,  p.  99,  1910;  Ixxiii,  p.  167,  1911. 

^  Cf.  Osborne  and  Mendel:  Carnegie  Institution  of  Washington,  Publi- 
cation  156,  pt.  ii,  1911;  also  ZeiUchr.  /.  physioL  Chem.,  1912  (in  press). 

'McCollum:  Amer.  Joum.  of  Physiol.,  xxix,  p.  216,  1911. 
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and  use  has  been  generally  overlooked.  As  Kossel  has  lately 
said:  "Hitherto  the  appearance  of  protein  Bausteine  in  the  living 
organism  has  always  been  ascribed  to  protein  decomposition. 
But  this  supposition  is  unjustified.  We  must  rather  assume  that 
these  Bausteine  may  appear  and  disappear  in  the  body  without 
at  any  time  forming  part  of  a  protein  molecule.  And  further  we 
may  suppose  that  only  under  certain  circiunstances,  for  definite 
physiological  purposes,  are  these  independent  groups  stored  in  a 
collected  form — ^the  protein  substances.'^' 

Attempts  have  been  made  at  various  times  in  the  past  to  perfect 
the  so-called  abnormal  or  incomplete  proteins  by  adding  to  them 
in  the  diet  one  or  more  amino-acids  which  are  known  to  be  lacking 
from  the  complex.  This  is  true  of  studies  made  with  gelatin — 
which  yields  no  tyrosine,  tryptophane  or  cystine — and  with  zein, — 
a  protein  which  yields  no  tryptophane,  and  from  which  no  lysine 
or  glycocoll  can  be  obtained.  These  trials  have,  all  in  all,  not 
been  very  satisfactory.  Other  experiments  in  which  an  amino- 
acid,  such  as  tryptophane,  has  been  intentionally  eliminated  from 
the  food  mixture  have  speedily  exhibited  a  nutritive  defect  in 
the  dietary.  In  any  event  it  seems  clear,  from  such  evidence  as 
is  available  at  the  present  time,  that  the  cyclic  compounds,  tyro- 
sine, phenylalanine,  histidine  and  tryptophane,  are  indispensable 
for  the  welfare  of  the  orgaijdsm.  Indeed  W.  A.  Osborne  has 
expressed  the  view  that  the  essential  difference  between  the  animal 
and  the  plant  organism  lies  in  their  respective  ability  or  inability 
to  S3mthesize  substances  of  the  cyclic  tyx)e.  Cyclopoiesis,  accord- 
ing to  him,  is  a  property  exhibited  solely  by  the  vegetable 
organism. 

Are  the  other  amino-acids  equally  indispensable?  At  the 
present  moment  it  is  impossible  to  give  any  definite  answer  to 
the  question  as  to  whether  an  amino-acid  like  leucine,  for  example, 
can  be  replaced  by  alanine,  or  any  other  closely  related  form.  In 
one  case,  in  aHy  event,  the  possibility  of  a  synthesis  of  an  amino- 
acid  de  novo  in  the  animal  organism  has  been  admitted.  Prolonged 
feeding  experiments  with  casein  from  which  glycocoll  has  not 
been  obtained,  as  well  as  the  enormous  production  of  glycocoll 
for  the  hippuric  acid  sjmthesis  after  the  administration  of  benzoic 

*KoB8el:  Lectures  on  the  Herter  Foundation.  The  Proteins.  Johm 
Hopkins  Hospital  Bulletin,  xxiii,  p.  76,  1912. 
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acid^^' — a  production  out  of  all  proportion  to  the  assumed  content 
of  preformed  glycocoU  in  the  food  intake,  or  the  body  tissues 
themselves — Cleave  little  doubt  of  the  capacity  of  the  animal 
cell  to  synthesize  at  least  one  amino-add. 

For  evidence  of  the  formation  of  amino-acids  more  complex 
than  glycocoU,  the  recorded  experiments  with  gliadin  must  be 
taken  into  consideration.  This  substance,  an  alcohol-soluble  pro- 
tein of  the  prolamine  tyx)e,  possesses  a  special  interest  in  that  it 
yields  so  little  of  the  diamino-acid,  lysine,  as  well  as  of  ^yooooll, 
that  these  have  not  heretofore  been  obtained  from  it  by  the  usual 
anal3rtical  methods.  It  furthermore  contains  a  relatively  small 
proportion  of  both  arginine  and  histidine,  and  extremely  large 
proportions  of  glutaminic  acid  and  anmionia  3delding  groups. 
Its  ready  digestibility  has  been  demonstrated  repeatedly"  in 
contrast  to  the  greater  resistance  of  the  ''abnormal"  protein  sein. 
Henriques^  reported  that  he  kept  rats  in  nitrogenous  equilibrium 
on  a  diet  in  which  gliadin  constituted  the  sole  form  of  nitrogenous 
intake,  although  he  failed  when  the  tryptophane-f ree  aein  was  used 
Abderhalden  and  Funk"  were  similarly  successful  with  gliadin 
fed  to  dogs.  They  state,  however,  that  in  one  case  the  preparation 
of  gliadin  fed  by  them  contained  0.35  per  cent  of  l3rsine;  and  they 
intimate  that  the  nutritive  equilibrium  secured  by  Henriques  on 
a  diet  containing  gliadin  as  the  sole  protein  was  due  to  an  impure 
preparation.  The  question  of  lysine  synthesis  in  the  body  is 
expressed  by  Rona^^  as  follows:  ''Das  Problem  is  also  durch 
die  Versuche  von  Henriques  noch  nicht  gelost,  hingegen  sprechen 
alle  imsere  Erfahrimgen  dafOr  dass  die  Aminosfturen,  GlykokoU 
ausgenommen,  im  Organismus  nicht  neugebildet  werden."  In 
other  experiments  Henriques  and  Hansen"  have  stated  that 
they  were  able  to  get  rats  into  a  state  of  nitrogenous  equilibrium 
on  a  diet  containing  the  nitrogen  solely  in  the  form  of  the  mono- 
amino  fraction  of  a  digest.     Here  too,  as  in  the  experiments  with 

"Cf.  Magnus-Levy:  Biochem.  ZexUchr.,  vi,  p.  523,  1907;  Ringer:  this 
Journal,  x,  p.  327,  1911;  Epstein  and  Bookman:  t&td.,  x,  p.  353,  1911. 

"Cf.  Mendel  and  Fine:  this  Journal,  x,  p.  303,  1911. 

"Henriques:  Zeitschr.  f.  pkysioL  Chem,,  Ix,  p.  105,  1909. 

u  Abderhalden  and  Funk:  ibid.,  Ix,  p.  418,  1909. 

"  Rona:  Oppenheimer* s  Handbuch  der  Biockemie,  iv,  pt.  i,  p.  650. 

^Henriques  and  Hansen:  Zeitschr,  /.  pkysioL  Chem.,  xliii,  p.  417,  1904; 
and  xlix,  p.  113,  1906. 
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gUadin,  a  synthesis  of  nitrogenous  compounds  of  the  type  precipi- 
table  by  phosphotungstic  acid  must  be  assumed  if  the  nutritive 
equilibrium  of  the  experimental  animals  was  at  all  adequate.  It 
will  be  seen,  therefore,  that  the  problem  of  di-amino  synthesis 
has  heretofore  largely  hinged  upon  the  validity  of  the  work  of 
Henriques. 

The  situation  has  been  summed  up  by  Rona  in  these  words: 
''Vorlftufig  mussen  wir  also  daran  festhalten,  dafs  eine  Ueber- 
fdhrung  einer  Aminos&ure  in  eine  andere,  bezw.  eine  Neubildimg 
einer  Aminosfture  (Glykokoll  ausgenommen)  im  tierischen  Organ- 
ismus  nicht  stattfindet."** 

EXPERIMENTAI^  PART. 

Employing  the  methods  which  we  have  developed  in  recent 
years  in  connection  with  our  feeding  experiments  with  isolated 
food  substances^^  we  have  accumulated  a  large  number  of  data 
which  refer  directly  to  the  nutrient  rdle  of  gliadin  in  the  animal 
organism.  Inasmuch  as  we  have  succeeded,  by  the  application 
of  care  in  the  management  of  the  rats,  by  furnishing  suitable 
hygienic  environment  and  appropriately  selected  diet,  in  main- 
taining these  animals  in  good  nutritive  condition  on  mixtures  of 
isolated  food  stuffs  over  periods  of  more  than  500  days,  we  believe 
that  some  of  the  criticisms  which  have  been  aimed  at  experiments 
carried  out  on  rats  are  thereby  met.  The  g^ding  considerations 
which  have  led  to  the  special  proportions  of  nutrients,  etc.,  in  the 
food  mixtures  reported  below  have  been  discussed  in  some  detail 
in  our  previous  publications.^*  The  upshot  of  our  trials  has  been 
the  demonstration  that  the  gliadins  of  wheat  and  rye,  as  well  as 
the  closely  related  alcohol-soluble  hordein  of  barley— all  of  which 
are  similar  in  the  proportion  of  their  Bausteine — suffice  for  the 
maintenance  of  rats  without  growth. 


>*Rona:  Oppenheimer's  Handbueh  der  Biochemit^  iv,  pt.  i,  p.  550. 

"Osborne  and  Mendel:  Carnegie  Institution  of  Washington,  Publi- 
cation 156,  pts.  i  and  ii,  1911;  ZeiUchr.  /.  bioL  Technik  u,  Methodik,  u,  p. 
313,  1912;  and  ZeiUchr.  /.  phynol.  Chem,,  1912  (in  press). 

i« Osborne  and  Mendel:  Carnegie  Institution  of  Washington,  Publi- 
cation 156,  pt.  ii,  1911;  Science,  N.  S.,  xxxiv,  p.  722, 1911;  ZeiUchr.  f.  phyeioL 
Chem.,  1912  (in  preiw). 
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Preparation  and  composition  of  gliadin. 

The  gliadin  used  for  these  feeding  experiments  was  made  from 
very  thoroughly  washed  wheat  gluten  from  which  all  proteoses 
and  other  water-soluble  proteins  had  been  removed  as  completely 
as  possible.  The  alcoholic  extract  of  this  gluten  was  filtered  water- 
clear,  thereby  separating  any  susp^xded  ^utenin  or  other  proteins 
insoluble  in  70  per  cent  alcohol.  After  concentrating  the  alcoholic 
extract  the  residual  gliadin  was  dissolved  in  alcohol,  and  its  solutioD 
poured  in  a  thin  stream  into  a  very  large  volume  of  cold  water, 
thereby  removing  any  water-soluble  substance  which  might  possi- 
bly be  set  free  when  the  gluten  was  dissolved.  The  precipitated 
gliadin  was  again  dissolved  in  alcohol,  and  its  syrupy  solution  poured 
into  a  very  large  quantity  of  absolute  alcohol,  and  thus  precipitated 
as  a  coherent  mass.  This  was  then  digested  with  fresh  quanti- 
ties of  absolute  alcohol,  and  finally  with  ether  and  was  easily 
reduced  to  a  powder.  After  drying  in  the  air,  the  gliadin  thus  ob- 
tained formed  a  snow  white  powder  which  was  completely  soluble 
in  70  per  cent  alcohol.  It  is  difficult  to  see  how  gliadin,  thus 
prepared,  can  contain  any  other  proteins  than  those  soluble  in 
alcohol,  or  how  any  purer  preparation  could  be  made. 

As  it  was  of  the  greatest  importance  to  know  whether  or  not 
this  gliadin  was  entirely  free  from  lysine,  we  made  a  very  careful 
examination  of  two  portions  of  100  grams  each,  according  to  the 
method  of  Kossel  and  Kutscher,  with  which  we  have  had  extensive 
experience.  The  result  was  in  each  case  entirely  negative,  corre- 
sponding with  our  earlier  experience,  as  well  as  with  that  of  Kossd 
and  Kutscher  and  of  Abderhalden.  However,  in  view  of  the  rela- 
tively considerable  precipitate  produced  by  phosphotungstic  acid,  it 
seemed  possible  that  some  lysine  might  be  contained  therein,  under 
conditions  which  rendered  its  separation  as  the  picrate  difficult. 
This  seemed  the  more  probable  in  view  of  our  previous  experience 
in  attempting  to  isolate  lysine  as  the  picrate  directly  from  the 
products  of  the  hydrolysis  of  casein.  In  this  attempt  we  obtained 
less  than  one-half  as  much  as  by  Kossel  and  Kutscher's  method, 
thus  showing  the  effect  of  the  presence  of  other  amino-acids. 

We  accordingly  made  renewed  efforts  to  obtain  lysine  picrate 
from  our  solutions.  In  one  case  fractional  precipitation  with 
phosphotungstic  acid  was  employed  without  success.    In  the  other 
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case  the  alcoholic  solution  to  which  picric  acid  had  been  added  was 
divided  into  two  parts,  one  of  which  was  allowed  to  evaporate 
slowly  until  nearly  dry.  The  semicrystalline  residue  was  extracted 
with  alcohol.  The  insoluble  residue  when  recrystallized  gave  0.2 
gram  of  lysine  picrate.  The  other  half  of  the  solution  was  neutral- 
ized with  acetic  acid  and  allowed  to  evaporate  slowly  until  a 
considerable  quantity  of  free  amino-aoids  separated.  These  were 
filtered  out  and  washed  with  alcohol.  The  alcoholic  filtrate  was 
neutralized  with  sodium  hydroxide  'and  treated  with  sodium 
picratCy  whereupon  a  small  precipitate  of  lysine  picrate  formed, 
which  when  recrystallized  weighed  0.23  gram.  We  thus  obtained 
0.43  gram  of  lysine  picrate  from  100  grams  of  gliadin  correspond- 
ing to  0.15  per  cent  of  lysine  in  this  preparation. 

Whether  or  not  this  represents  all  of  the  lysine  in  this  gliadin 
cannot,  of  course,  be  determined;  but  our  previous  experience 
with  casein  has  convinced  us  that  it  is  very  difficult  to  separate 
all  of  the  lysine  picrate  from  solutions  containing  other  amino- 
acids.  Whether  the  presence  of  this  lysine  is  to  be  ascribed  to 
contamination  of  our  preparation  of  gliadin  with  other  proteins, 
or  to  the  presence  of  a  small  amount  of  lysine  in  gliadin,  is  likewise 
difficult  to  determine.  All  we  can  say  is  that  we  do  not  know  how 
any  purer  preparation  of  the  substance  heretofore  known  as 
gliadin  can  be  made,  and  our  present  opinion  is  that  future  in- 
vestigations will  show  that  gliadin  does  in  fact  yield  a  little  lysine^ 

The  question  is,  therefore,  raised:  can  the  absence  of  any  amino- 
acid  from  any  protein  be  assumed  solely  because  it  cannot  be 
separated  by  direct  crystallization?  In  our  opinion  it  cannot  be 
so  assumed.  The  known  difficulty  encountered  in  trying  to  thus 
separate  all  of  any  of  the  amino-acids  from  mixtures  of  them  sup- 
ports this  view,  as  does  also  the  experience  of  Osborne  and  Jones 
and  the  more  recent  experience  of  Abderhalden.  Both  of  these 
investigations  showed  that  less  than  one-half  the  glycocoll,  alanine 
or  aspartic  acid  could  be  recovered  from  mixtures  containing  known 
quantities  of  pure  amino-acids. 

Whether  or  not  gliadin  is  actually  deficient  in  glycocoll  or 
lysine,  we  do  know  from  incontrovertible  evidence  that  it  3delds 
relatively  very  little  glycocoll,  arginine,  histidine  or  lysine  and  ex- 
tremely large  quantities  of  glutaminic  acid,  proline  and  ammonia. 
Gliadin,  therefore,  has  a  unique  constitution,  very  different  from 
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*the  tissue  proteins  of  animals,  as  well  as  from  most  of  the  other 
proteins  which  are  commonly  present  in  the  foods  of  men  and 
animals.  We  should  consequently  expect  to  find  the  value  of 
gliadin  in  nutrition  to  be  different  from  that  of  other  proteins 
which  3deld  amino-acids  in  proportions  corresponding  more  closely 
with  those  obtained  from  proteins  of  animal  origin.  Accordin^y 
we  have  made  a  large  number  of  prolonged  feeding  trials  on  both 
mature  and  growing  rats,  with  the  results  described  in  the 
following  pages. 

Maifdenance  experiments  with  grown  rats. 

The  illustrative  protocols  which  are  presented  in  graphic  form 
are  largely  self-explanatory.  The  abscissae  of  the  curves  represent 
days  and  the  ordinates  actual  body  weight  (solid  line)  or  food- 
intake  (dotted  line)  in  grams.  In  the  charts  for  ungrown  animals 
the  average  (normal)  curve  of  growth,  plotted  from  body  weight 
data  available  for  normally  growing  animals  of  the  same  aex,  is 
represented  by  a  broken  line  for  comparison.  The  food-intake 
ciurve  is  plotted  from  the  weights  of  food  eaten  per  week.  Where 
numbers  are  marked  on  body  weight  ciurves  they  iiulicate  the 
time  at  which  changes  hi  the  character  of  the  feeding  were  insti- 
tuted. 

In  Charts  1,  2  and  3  are  represented  the  results  of  prolonged 
maintenance  trials  with  full  grown  rats  in  which  gliadin  formed 
the  sole  nitrogenous  intake.^*  These  experiments  far  exceed 
the  longest  records  of  trials  in  any  way  comparable  with  our  own 
which  have  been  reported  in  the  literature.  Henriques'  records, 
for  example,  extend  at  best  over  only  23  days.**  A  study  of  the 
dietaries  quoted  in  connection  with  these  charts  will  show  that, 
for  long  periods,  in  several  of  our  experiments,  there  was  no  possi- 
bility of  the  inclusion  of  any  other  protein  than  the  gliadin  itself 
in  the  make-up  of  the  food,  except  in  the  very  small  quantity  of 
feces  supplied  during  period  2.»    Thus  rat   130,  Chart  1,  was 

**  Some  of  the  earlier  portions  of  the  charts  in  this  paper  have  already 
been  published  elsewhere. 

"Henriques:  Zeitschr.  f.  physiol,  Chem.,  Ix,  p.  105,  1909. 

'^  See  Osborne  and  Mendel :  Carnegie  Institution  of  Washington,  Publi- 
cation 156,  pt.  ii,  p.  60  for  discussion  of  the  effect  of  feces  thus  fed. 
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fed  for  290  days  on  a  food  entirely  free  from  any  other  protein 
than  gliadin,  before  his  condition  became  such  as  to  render  a  change 
in  his  diet  necessary.  That  the  failure  to  be  longer  maintained 
in  a  satisfactory  condition  was  not  due  to  deficiencies  in  the  gliadin 
is  proved  by  the  rapid  recovery  of  health  and  weight  when  the 
non-protein  constituents  of  the  food  were  changed  by  replacing 
the  inorganic  constituents  and  a  part  of  the  carbohydrate  with 
"protein-free  milk."**  A  similar  condition  is  shown  by  rat  134, 
Chart  2,  but  in  this  experiment  the  decline  in  weight  occurred 
much  earlier  and  the  change  in  the  non-protein  constituents  of 
the  food  had  to  be  made  after  only  72  days.  Rat  147,  Chart  3, 
was  kept  on  the  original  gliadin  food  for  256  days,  but  at  that 
time  its  loss  of  weight  and  physical  condition  was  such  that  it 
could  only  be  restored  by  changing  the  protein  to  casein.  Later 
(see  period  6),  the  failure  to  thrive  on  the  original  gliadin  food  was 
completely  remedied  by  the  addition  of  "protein-free  milk"  to 
the  diet. 

A  possible  criticism  of  these  experiments  concerns  the  residual* 
content  of  milk  protein  in  the  "protein-free  milk."  Such  analyses 
as  we  have  made  have  indicated  that  the  extent  of  this  contami- 
nation cannot  exceed  0.6  per  cent  of  the  entire  food  mixture — a 
quantity  of  "normal  protein"  far  too  small,  as  we  have  convinced 
ourselves  by  other  studies  directed  to  this  point,  to  meet  the  nutrient 
deficiency  of  gliadin  in  respect  to  growth.  However,  the  experi- 
ments which  have  been  conducted  without  the  use  of  the  protein- 
free  milk  bear  direct  testimony  in  favor  of  the  conclusion  that 
possible  traces  of  contaminating  milk  protein  cannot  in  any  way 
explain  the  satisfactory  maintenance  of  our  animals,  but  that  some 
other  substance  than  the  protein  is  the  cause  of  rapid  recovery 
induced  by  the  addition  of  the  protein-free  milk. 

In  the  light  of  such  long  continued  experiments,  extending  as 
they  do  over  a  very  considerable  portion  of  the  natural  life  of  an 
animal  whose  longevity  has  been  estimated  at  about  three  years, 
one  must  accept  these  observations  as  evidence  that,  so  far  as  main- 
tenance is  concerned,  the  protein  of  the  food  can  differ  very  widely 
in  its  amino-acid  make-up  from  the  tissue  proteins  of  the  animal 
without  affecting  the  well  being  of  the  latter. 

"  See  ibid,,  p.  80. 
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Maintenance  experiments  with  growing  raU—faUure  to  grow. 

The  following  charts  illustrate  the  inability  of  wheat  gliadin  and 
other  prolamines  to  promote  growth  under  dietary  conditions  in 
which  other  single  proteins  have  been  eminently  satisfactory. 
In  Charts  4,  5  and  6  the  curves  of  growth  with  casein,  edestin, 
and  glutenin  will  be  found  to  correspond  closely,  during  the  first 
100  days,  to  those  observed  on  animals  receiving  mixed  food. 

The  contrast  of  the  trials  with  gliadin  are  striking  in  the  extreme; 
and  the  results  are  the  same  if  the  alcoholnsoluble  hordein  from 
barley  or  the  g^adin  from  rye  are  used.  We  have  tested  the 
gliadin  of  wheat,*"  Charts  7,  8  and  9;  of  rye,*"  Charts  10  and  11, 
and  the  similarly  constituted  hordein  of  barley,^  Charts  12  and  13. 
The  results  are  the  same,  whether  the  trials  be  made  at  a  very  early 
age  (compare  Chart  7)  or  somewhat  later  (compare  Chart  12). 
In  corroboration  of  the  statement  that  the  results  described  repre- 
sent true  maintenance  without  growth,  we  present  two  experi- 
ments, one  with  gelatin,  Chart  14,  and  one  with  jsein.  Chart  15, 
which  show  by  contrast  the  failure  of  maintenance  when  an  abso- 
lutely inadequate  protein,  like  those  mentioned  earlier,  forms  the 
nitrogenous  constituent  of  the  food  intake. 

The  youthful  appearance  of  animals  thus  maintained  without 
growth  corresponds  in  every  respect,  so  far  as  external  characters 
go,  with  the  size  rather  than  the  age  of  the  animal.**  That  the 
failure  to  grow  is  in  nowise  attributable  to  any  toxicity  or  inhibi- 
tory property  of  the  specific  proteins  used  is  shown  by  experiments 
(see  Charts  16  and  17)  in  which  the  addition  of  a  small  proportion 
of  an  "adequate"  protein  has  sufficed  to  induce  noteworthy 
growth.  To  determine  whether  growth  could  in  any  way  be 
induced  by  largely  increashxg  the  content  of  the  ''inadequate'' 
protein  in  the  food  mixture,  special  experiments  were  undertaken 
(see  Charts  18, 19  and  20).  The  relative  variations  in  body  weight 
in  relation  to  the  larger  protein  intake  in  the  two  series  are  too 
small  to  be  of  marked  significance. 

"  The  preparation  and  properties  of  these  proteins  are  given  by  Osborne: 
Abderhalden's  Handbuch  der  biochemischen  Arheitsmethodenf  u,  1909. 

**  Photographs  of  some  of  our  ungrown  animals  maintained  on  ^iadin 
will  be  found  in  Osborne  and  Mendel :  Carnegie  Institution  of  Washington, 
Publication  156,  pt.  ii,  1911. 
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Aside  from  their  interest  in  furnishing  a  physiological  differ- 
entiation between  various  proteins,  as  exemplified  in  the  capacity 
or  failure  of  maintenance,  and  the  capacity  or  failure  of  growth, 
these  experiments  have  a  large  field  of  interest  in  presenting  a 
method  whereby  the  effective  stunting  of  animals  can  be  induced 
at  any  stage  in  the  normal  period  of  growth.  We  have  as  yet 
not  determined  the  possible  alterations  in  the  histological  make-up 
of  the  organs  and  tissues  which  may  be  correlated  with  the  suppres- 
sion of  growth.  There  is  much  in  the  recent-  literature  on  infan- 
tilism which  suggests  that  the  dwarfing  may  be  secondary  to 
defects  or  alterations  in  organs,  such  as  the  ductless  glands.  One 
point  alone  may  be  emphasized  here,  namely,  that  the  capacity 
to  grow  is  by  no  means  lost  even  after  very  prolonged  periods  of 
stunting  with  the  gliadin  diet.  This  is  shown  in  Chart  7  which 
exhibits  satisfactory  growth  on  a  suitable  dietary  after  a  continuous 
suppression  of  growth  lasting  277  days,  when  the  animal  was  314 
days  old — an  age  at  which  normally  little  or  no  growth  takes 
place.* 

Oliadin  and  gestation. 

Long  continued  feeding  with  gliadin  as  the  sole  source  of  nitro- 
gen by  no  means  impairs  the  capacity  of  the  animal  to  produce 
healthy  young  and  suitably  nourish  them.  The  two  animals  whose 
records  are  presented  in  Charts  21  and  22  were  paired  and  the 
female  (Rat  129}  gave  birth  to  a  litter  of  four  at  the  end  of 
178  days  on  the  gliadin  food  mixture.  The  young  rats  whose 
growth  records  are  reproduced  in  Charts  23,  24,  25  and  26 
were  nourished  satisfactorily  by  the  mother  during  the  first 
month  of  their  existence,  in  so  far  as  one  can  judge  by  their 
increase  in  weight,  in  comparison  with  that  of  normally  reared 
rats.  At  the  end  of  30  days,  three  rats  were  removed  from  the 
mother  and  put  upon  diets  of  casein  food,  edestin  food  and  milk 
food  respectively.  The  fourth  animal  was  allowed  to  remain  in 
the  cage  with  the  mother  whose  sole  source  of  nutriment  was  the 
original  gliadin  food  mixture.  It  will  be  noted  from  the  records 
that  whereas  the  three  removed  animals  manifested  a  normal 
growth  on  their  new  dietaries,  which  had  likewise  proved  adequate 

*  See  also  charts  exx,  cxxi,  cxxii  and  cxxiii,  Publication  156,  pt.  ii,  Car- 
negie Institution  of  Washington. 
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for  growth  in  many  other  instances,  the  rat  kept  with  the  mother 
began  to  evince  a  failure  to  grow  at  about  the  period  (30  days) 
when  young  rats  are  wont  to  depend  upon  eictraneous  food  for 
nourishment.  In  the  present  case  this  means  that  the  young 
animal,  forced  to  depend  upon  the  gliadin  food  mixture  in  place  cf 
the  milk  of  its  m^her,  showed  the  typical  failure  to  grow  on  the  ^'inade- 
quote**  diet  upon  which  the  mother  had  not  only  been  maintained  bid 
had  actually  produced  young  and  secreted  milk  sufficient  in  quantity 
and  quality  to  indiux  normal  growth  in  her  offspring.  No  doubt 
can  remain,  we  believe,  that  in  this  experiment,  in  which  tho^ 
has  unquestionably  been  a  renewal,  or  new  formation,  of  bodj 
tissue,  very  large  in  proportion  to  the  origmal  weight  of  the  mother 
animal,  there  must  have  occurred  a  synthesis  not  only  of  the  ''Bau- 
steine"  deficient  in  the  protein  intake,  but  likewise  of  tissue  and 
milk  components  like  the  nucleic  acids  (with  their  content  of 
purines,  pyrimidines  and  organically  combined  phosphorus), 
and  phospho-protems,  like  casein,  etc.,  which  were  completely 
missing  in  the  special  food  intake  that  had  formed  the  sole  food  of 
the  mother  during  several  months.  Unless  one  were  prepared  to 
maintain  a  profound  alteration  in  the  chemical  make-up  of  this 
''gliadin  family"  it  must  be  admitted  that  synthesis  in  animal 
nutrition  has  here  been  demonstrated  in  a  striking  manner. 

We  have  elsewhere**  taken  cognizance  of  the  possible  rdle  of 
alimentary  bacteria  in  furnishing  some  of  the  components  which 
may  be  deficient  in  the  dietary.  These  synthetic  organisms  may 
well  be  able  to  build  new  amino-acids  out  of  a  variety  of  substrates; 
and  the  possibility  is  thereby  suggested  of  the  production,  through 
bacterial  intervention,  of  complexes  missing  or  deficient  in  the 
original  food  intake.  We  can  hardly  regard  this  possibility  as  an 
explanation  of  the  ability  of  animals  to  be  maintained* on  the 
abnormal  proteins,  gliadin  and  hordein;  otherwise  there  is  no 
apparent  reason  why  they  should  not  likewise  be  maintained  by 
zcin  or  gelatin,  nor  why  growth  should  not  also  be  possible  with 
every  digestible  protein  through  the  intervention  of  the  bacterial 
protein  complexes  manufactured.     It  is  more  likely  that  growth 

**  Cf .  Osborne  and  Mendel :  Carnegie  Institution  of  Washington,  Publi- 
cation 156,  pt.  ii,  p.  61,  1911. 
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hinges  on  the  intervention  of  some  protein  complex  not  essential 
for  the  endogenous  metabolism  of  the  individual. 

The  unique  features  of  growth  and  maintenance  on  the  special 
proteins  here  considered  serve  to  emphasize  the  fact  that  mainte- 
nance experiments  alone  cannot  suffice  to  solve  the  problem  of 
the  full  biochemical  value  of  dietaries.  Nutrition  involves  an 
ensemble  of  processes  which  are  determined  or  modified  by  factors 
whose  real  significance  is  only  beginning  to  reveal  itself.  No 
method  of  study  involving  well  controlled  conditions  need  be  cast 
aside;  but  hasty  judgment  formed  as  the*result  of  brief  feeding 
trials  on  larger  animals  containing  an  abimdant  reserve  supply 
must  henceforth  be  accepted  with  extreme  caution. 
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Chart  1,  Rat  130  9 ,  shows  long  continued  maintenance  on  a  diet  containinf  ^ 
feeding  by  diseased  lungs  and  a  large  parasite/ over  40  cm.  long,  encysted  in  the  li^ 

The  diet  during  the  different  periods  is  shown  below.  During  period  2  abooj 
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PBBIOD  5. 

.  18.0      MUkpowdor W.O 

.  28.J      Stareh WO 

.  S0.8      Lard »0 

.    «.0  100.0 
.  28.0 

100.0 
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Chart  2,  Rat  134  9 ,  shows  long  continued  maintenance  on  a  diet  containing  gliadii 
by  an  ulcer  of  the  pylorus. 

The  diet  during  periods  1  and  2  was: 

FBHXOD  1. 

GliadlD  (wheat) te* 

Starch S* 

Sucrose ^  * 

A«ar U 

Salt  mixture  I 2l 

Lard ■» 
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)Ie  protein.    The  animal's  life  was  terminated  after  511  days  of  experimental  feeding 


taBioD  a. 

per  emt. 

4ln  (wheat) 18.0 

«ln-(Tee  milk 28.2 

oh 20.8 


.  5.0 
.  28.0 
100.0 
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Chart  3,  Rat  147  9 »  shows  long  continued  maintenance  on  a  dkt 
lung  disease  after  445  days  of  experimental  feeding. 

The  diet  during  the  different  periods  is  shown  below.  During  pi 
legend  o^  Chart  1. 

PBRIODO  1,  2,  3   AND  tt.  *■ 

poreml. 

Glladln  (wheat) 18. 0 

SUreh 19.5 


16.0 

A««r ft.O 

Salt  mixture  I S.5 

Lard 80.0 

100.0 


Staroh. 
A«ar... 
Lard... 
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Qtaining  gliadin  as  the  sole  protein.    The  animal's  life  was  terminated  by 
d  2  a  small  quantity  of  feces  from  rats  on  a  mixed  diet  was  supplied.    See 


M  4  AlTD  7. 


.  18.0 
.  28.2 

.  20.8 
.  5.0 
.  280 
100.0 


PBBIODO  5  AMD  8 

piTcenl. 

Cteein  (oow'o  milk) 18. 0 

Protein-free  milk 28.2 

StMoh 2S.8 


LATd. 


.    6.0 
100.0 
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Chabt  6,  Rat  284  d*,  shows  noixnal  growth  on 
a  diet  containing  glutenin  which,  together  with 
an  approximately  equal  quantity  of  gliadin, 
forms  about  80  per  cent  of  the  proteins  of  the 
wheat  kernel. 

The  diet  was: 

p&r  etfU. 

OlotoBla  (wheat) 18.0 

ProteUi-free  milk 28.S 

Stitfoh SS.8 


Urd.. 


.  6.0 
.  IS.O 
100.0 
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Chabt  7,  Rat  240  9 ,  shows  failure  to  make  more  than  slight  growth  on  «^ 
rate  after  276  days  of  stunting.    At  this  time  the  rat  was  314  days  old,  an  a0 
The  diet  during  periods  1  and  2  was: 


PBUOD  1. 


OllftdlnCwheat)... 
ProtelD-free  milk. 

Stareh 

A«K 

Urd 


..  .  a< 

fli 
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..  .  s^ 
...^ 
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to  300  320 


ing  gliadin  as  the  sole  proteiD,  and  capacity  to  resume  growth  at  a  normal 
rats  normally  grow  very  little  more. 


PKKIOD  2. 


Towdor.. 


p&r  e9nt, 

flO.O 

16.0 

24.0 

100.0 
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Chabt  10,  Rat  534  9 ,  shows  failure  to  make  more  than 
slight  growth  on  a  diet  containing  gliadin  from  rye  as  its 
sole  protein.  The  animal  died  after  152  days  of  experi- 
mental feeding  with  diseased  lungs. 

The  diet  was: 

•  1.     VSBOD  S. 


QllMllii(.ir«) 18.0 

QUadln  (wheat) 0.0 

Protein-free  milk 38.0 

Stanh 38.0 

Urd 88.0 

100.0 


0.0 
18.0 
88.0 
88.0 
88.0 
100.0 


'  Ob«f»  20  40  t»0  00  100  120  140  1*0  ISO 

Chart  11,  Rat  549  d*,  shows  failure  to  make  more  than  slight  growth 
on  diets  containing  gliadin  from  rye  and  later  gliadin  from  wheat.  This 
experiment  was  terminated  by  the  death  of  the  rat  after  172  di^  of  experi- 
anental  feeding.  The  only  abnormal  condition  revealed  by  the  autopsy  was 
a  collection  of  hair  balls  in  the  stomach. 

The  die    during  periods  1  and  2  was: 

VBBOD  1.  VBBOD  S. 

p&r  etni  pmr  ctid. 

011adlD(rye) 18.0  0.0 

QUadin  (wheat) 0.0  18.0 

Proteln-froemllk 88.0  88  0 

Stareh 88.0  86.0 

Lard 88.0  28.0 

100.0  100.0 
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Chart  12,  Rat  266  9 ,  shows  failure  to  make  more  than  slight  growth  on  a  diet  con- 
taining  hordein  from  barley  as  the  sole  protein.  Hordein  is  very  much  like  gliadin  in  phys- 
ical properties  and  amino-acid  make-up  and  appears  to  have  a  similar  value  in  nutrition. 
This  rat  died  suddenly  after  249  days  of  experimental  feeding  but  no  cause  for  death  was 
shown  by  the  autopsy. 

The  diet  during  periods  1  and  2  was: 


Hordoln 

Protaln-fraemtlk.. 


.  18  0 
.  28.S 

.188 
.  5.0 
■  80.0. 
100.0 


Proulik-^rM  milk. . 
Burah 


JMT  «•»£. 

18.0 

S8.S 

18.1 

6.0 

.  ...jqj} 

100.0 


Chart  13,  Rat 
256  9.  shows  fail- 
ure to  make  mor« 
than  slight  growth 
on  a  diet  contain- 
ing hordein  from 
barley  as  the  sole 
protein.  Hordein 
is  very  much  like 
gliadin  in  physical 
properties  and 
amino-acid  make- 
~iijr  up  and  appears  to 
have   a    similar 

value  in  nutrition.     The  animal  died  suddenly  after  220  days  of  experimental  feeding  but 

an  autopsy  failed  to  show  anything  abnormal. 
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The  diet  during  periods  1  and  2  was: 
psnoo  1. 


rauoo  1. 


ProMo-^rac  milk. . 
Surah 


..  18  0 

..  28.2  ProielD-frM  milk. . 

..  18.8  Surah 

..    50  Acar 

..800  Lard 

lOO.O 
SOX 


..  18  0 
,.  28  2 

..  18  I 

..    50 

..  80  0 

100.0 
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O  B»i|t  to  4« 


Cbabt  14,  Rat  615  cf ,  shows  failure 
to  grow  or  even  be  maintained  daring 
period  1  on  a  diet  containing  gelatin  as 
its  sole  protein,  and  recovery  when  one- 
half  of  the  gelatin  was  replaced  by  glia- 
din. The  final  fall  in  weight  was  due  to 
diseased  lungs  which  caused  death. 

The  diet  during  periods  1  and  2  was: 


[OD  1. 

18.0 

FtotolxipfrM  milk  28.0 

Starah S7.0 

Urd t7.0 

100.0 


vaaiOD  S. 

Equal  parta  of  0ri»> 
tin  food  (aa  In  parlod 
Dai 


18.0 

PioteMi-fraamJlka.O 

Stanh M.O 

Lard «.0 

100.0 


Oo^«  2»  4« 


Cbabt  15,  Rat  634  cf »  shows  a  r^ud 
decline  in  weight,  despite  a  food  intake 
quite  sufBcient  for  maintenance,  when 
the  diet  contained  lein  as  its  sole  pro- 
tein. Note  the  rapid  repair  and  growth 
when  the  zein  was  replaced  by  laetal- 
bumin  and  sudden  decline  when  the 
rat  was  again  placed  on  the  sein  food. 

The  diet  in  the  different  periods  was: 

PHttooa  1  AiTD  8.  nuzoD  2. 

fraNMw  ptt  aMC. 

Zoln 18.0  Laetalbumln....  18.0 

Pxotalxi-free  milk  88.0  Protala-fna  mttk  88.0 

Staroh 84.0  Stanh ».0 

Lard 80.0  Lard 88.0 

100.0  100.0 

Watar 15  eo. 
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Chart  16,  Rat  287  cT,  shows  nor- 
mal growth  on  a  diet  in  which  the 
protein  consisted  of  1  part  casein  and 
3  parts  of  gliadin.  Note  the  effect 
on  the  rate  of  growth  induced  by 
this  tfmall  proportion  of  casein.  Cf . 
Chartd  7,  8,  10,  13,  18  and  19. 

The  diet  consisted  of  a  mixture  of 
one  part  of  the  casein  food  with  three 
parts  of  the  gliadin  food. 


OUADOr  FOODw 

perMfil. 

QUadln 18.0 

Ptotalift-freemllk  38.S 

Starah 38.8 

Afw 5.0 

Urd 88.0 

100.0 


CASBIN  FOOD. 

CMOln 18.0 

SUroh S2.5 

SuoroM 17.0 

Agw 6.0 

Saltrntsturel...    2.5 

Lard 25.0 

100.0 
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Cbabt  17,  Rat  280  d*,  shows  nor- 
mal growth  on  a  diet  in  which  the 
protein  consisted  of  1  part  casein 
and  3  parts  of  gliadin.  Note  the  ef- 
fect on  the  rate  of  growth  induced 
by  this  small  proportion  of  casein. 
Cf.  Charts  7,  8,  10.  13,  18  and  19. 

The  diet  consisted  of  a  mixture  of 
one  part  of  the  casein  food  with  three 
parts  of  the  gliadin  food. 


OUAOIM  FOOD. 

p«r  oenl. 

QUadln 18.0 

ProtelD-frae  milk  28.2 

Storeb 28.8 

Agar 5.0 

Lard 28.0 

100.0 


CAaanr  food. 


18.0 

Starch S2.5 

Suoroae 17.0 

Agar 5.0 

Salt  mixture  I...    2.5 

Lard 25.0 

100.0 
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PBBXOO  1.  * 

per  ctnt, 

GlladlD 18.0 

ArtlSclalprotolD-fiveinllk.  80.0 

Stareh... 23.0 

Lard 80.0 

100.0 


Chart  18,  Rat  588  9 ,  shows  fail- 
ure to  grow  on  a  diet  containing 
gliadin  as  the  sole  protein  and  an 
artificial  imitation  of  the  natural  pro- 
tein-free milk.  After  114  days  the 
artificial  protein-free  milk  was  re- 
placed by  natural,  but  the  decline  in 
weight  which  had  begun  was  not 
stopped  by  this  change.  The  autopsy 
showed  no  adequate  cause  for  death. 

The  diet  in  periods  1  and  2  was: 

rKKIOD  8. 

ptt  emf . 

GlladlD 18.0 

ProtolD-froe  milk 28  0 

8tarch 20.0 

Lard 28.0 

100.0 
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Chart  19,  Rat  594  cf ,  shows  failure 
to  make  more  than  slight  growth  on  a 
diet  containing  gliadin  as  its  sole  pro- 
tein and  an  artificial  imitation  of  the 
natural  protein-free  milk.  The  animal 
died  after  92  days  of  experimental  feed- 
ing. Calculi  were  found  in  the  bladder 
and  left  kidney. 

The  diet  was: 


p&r  emi. 

Gliadin 25.0 

Artificial  protein-free  milk 80.0 

Staroh 16.0 

Lard 80.0 

100.0 


Chart  20,  Rat  603  d*,  shows  failure  to 
grow  at  normal  rate  on  a  diet  containing 
gliadin  as  the  sole  protein.  In  this  ex- 
periment an  artificial  imitation  of  the 
natural  protein-free  milk  was  used.  This 
animal  died  after  105  days  of  experi- 
mental feeding  with  diseased  lungs. 

The  diet  was: 

ptt  cm. 

Gliadin 85  0 

Aitlficlal  protein-free  milk 90.0 

Stareh 5.0 

Lard 800 

100  0 
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Chabt  22,  Rat  168  d* ,  shows  maintenance  and  fertility  on  a  diet  containing 
gliadin  as  its  sole  protein.  After  154  days  this  rat  was  paired  with  Rat  129,  foor 
young  being  the  result  of  the  mating.  The  animal  died  with  diseased  lungs  after 
230  days  of  experimental  feeding. 

The  diet  was: 


PBMOO  1. 

p<r  otni, 

QllAdm 18.0 

PiotelD-free  milk 38. S 

SUrah 20.8 

Afw 6.0 

I«rd ■  28.0 

100  0 


FBUOD  S. 

EdosUn 18.0 

Protein-free  milk 38. 2 

Starch 90.8 

kMJtst f.O 

Lard 380 

100  0 
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Chabt  23,  Rat  378  d*,  ihowi  norniAl  growth  during  284  daya  on  a  diet  containing  all  of  the  ingredi- 
ents of  milk.    Note  the  vigorous  growth  of  this  animal  which  was  produced  and  suckled,  period  1, 
by  a  mother  whose  food  during  the  previous  178  days  contained  gUadin  as  its  sole  protein. 
The  diet  was: 
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Chabt  24,  Rat  370  cf*,  shows  normal  growth  on  a  diet  containing 
casein  as  its  sole  protein  up  to  an  age  of  120  days.  The  subsequent 
fall  in  weight  is  characteristic  for  animals  thus  fed  and  will  be  discussed 
in  a  later  paper.  This  animal  was  produced  and  suckled  by  a  mother 
previously  fed  for  178  days  on  a  diet  containing  gliadin  as  its  sole  pro- 
tein. 

The  food  during  period  1  was  its  mother's  milk;  during  period  2 
as  follows: 
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Chabt  25,  Rat  380  9i  shows  nonnal  growth  on  a  diet  containing  edestin 
as  its  sole  protein  up  to  an  age  of  120  days.  The  subsequent  fall  in  weight  is  oharao- 
teristio  for  animals  thus  fed  and  will  be  diseussed  in  a  later  paper.  This  animal 
was  produced  and  suckled  by  a  mother  previously  fed  for  178  days  on  a  diet  con- 
taining gliadin  as  its  sole  protein. 

The  food  during  period  1  was  its  mother's  milk ;  during  period  2  as  follows : 
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Chart  26,  Rat  381  9 ,  shows  failure  to  grow  on  a  diet  containing  gliadin 
as  its  sole  protein,  period  2,  and  resumption  of  growth  when  the  gliadin 
of  the  food  was  replaced  by  casein,  period  3.  The  experiment  was  termi- 
nated by  the  death  of  the  animal.  Autopsy  showed  calculi  in  the  kidneys, 
ureters  and  bladder.  This  animal  was  produced  by  a  mother  previously 
fed  for  178  days  on  a  diet  containing  gliadin  as  its  sole  protein.  During 
period  1  it  was  suckled  by  its  mother. 

The  diet  was: 
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THE  CHEMISTRY  OF  GLUCONEOGENESIS. 

I.    THB  QUANTITATIVE  CONVERSION  OF  PROPIONIC  ACID  INTO 

GLUCOSE. 

By  a.  I.  RINGER. 

{From  the  Department  of  Physiological  Chemistry  of  the  University  of 
Pennsylvania.) 

(Received  for  publication,  August  2,  1912.) 

Within  the  last  ten  years  it  has  been  shown  conclusively  that  in 
diabetes  the  glucose  may  find  its  origin  in  protein.  Stiles  and 
Lusk^  gave  a  diabetic  dog  a  mixture  of  amino-acids  which  had 
been  obtained  from  a  pancreatic  digest  of  meat.  They  found  an 
increase  in  the  sugar  elimination  corresponding  to  about  40  per  cent 
of  the  administered  amino-acids.  Since  then,  several  investigators 
have  studied  the  fate  of  the  individual  amino-acids  in  the  diabetic 
organism. 

Knopf  obtained  a  decided  increase  in  the  glucose  elimination 
in  a  phlorhizinized  dog  that  was  fed  on  meat  and  to  whose  diet  50 
grams  of  asparagine  had  been  added.  Embden  and  his  confreres' 
fed  glycocoll  and  alanine  to  depancreatized  dogs  and  obtained  a 
considerable  increase  in  the  glucose  elimination.  Ringer  and 
Lusk^  working  on  phlorhizinized  dogs,  showed  that  glycocoll  and 
i-alanine  may  be  completely  converted  into  glucose,  and  that 
aspartic  and  d-glutamic  add  may  yield  glucose  corresponding  to 
about  three  carbon  atoms  of  their  respective  molecules.  Mandel  and 
Lusk^  showed  that  lactic  acid  may  also  be  completely  converted 
into  glucose.    Hockendorf*  showed  that  the  feeding  of  propyl 

>  Amer.  Joum.  of  PhysioL,  ix,  p.  380,  1903. 

•  Arch.f.  ezp.  Path.  u.  Pharm.,  xlix,  p.  123, 1903. 

'  Beitr.  z.  chem.  Physiol,  u.  Path.,  ▼,  p.  507,  1904;  vii,  p.  298,  1906. 
<  Zeitsckr.  f.  physiol.  Chem.,  Ixvi,  p.  106,  1910. 
'  Amer.  Joum.  of  Physiol. ,  xvi,  p.  129,  1906. 

*  Biochem.  Zeiischr.,  xxiii,  p.  281,  1909. 
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alcohol  may  give  rise  to  glucose.  This  last  finding  was  corrobor- 
ated by  Ringer  and  Lusk.^ 

In  the  present  series  of  investigations,  it  is  the  author's  object 
to  find  which  chenucal  radicals  determine  the  conversion  or  non- 
conversion  of  amino-adds  and  chemically  related  substances  into 
glucose.  In  this  paper,  the  fate  of  propionic  acid  in  diabetic  dogs 
will  be  discussed. 

Methods.  The  methods  employed  in  this  series  of  researches 
are  similar  to  those  described  by  Ringer  and  Lusk  and  need  not 
be  repeated  here.  Merck's  phlorhizin  was  used  and  the  propionic 
acid  was  prepared  by  Kahlbaum. 

The  results  are  as  follows: 

bxperIment  I. 
Twebfe^hour  periods. 


si 


I 


i' 


20 
20 


IV 
V 


12.9 
12.4 


6.5 
6.8 


22.5 
80.7 


3.46 
S.00 


0.99 
0.84 


0.80 
0.19 


2.07 
8.16 


21 


VI 


6.6 


88.9 


AM 


0.43 


2.71 


Fasting. 

10  grams  of  pro- 
pionic  acid 
(neutralised 
with  NaOH) 
given  subcu- 
taneously  in 
two  doses. 

Fasting. 


This  animal  was  in  good  shape  throughout  the  experiment.  The 
first  three  periods  were  devoted  to  other  studies,  which  will  be 
reported  elsewhere.  At  the  beginning  of  the  fifth  period,  the 
animal  received  subcutaneously  10  grams  of  propionic  acid  which 
had  been  dissolved  in  70  co.  of  water  and  neutraUaed  with  NaOH. 
As  is  seen  from  the  D:N  ratio,  not  all  of  the  extra  glucose  was 
eliminated  in  that  period,  but  some  was  carried  over  to  the  sixth 

'  Loe.  ciL 
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period.^  The  D  :N  ratio  fluctuates  from  day  to  day  to  but  a  slight 
extent.  Any  change  that  may  occur  is  usually  in  a  downward 
direction,  and  this  method  of  calculating  the  ''extra''  glucose 
really  represents  Tninimal  results.  If  we  assume  that,  without 
the  influence  of  the  propionic  acid,  the  D:N  ratio  in  periods  V  and 
VI  would  have  continued  at  3.46:1  (since  the  animal  eliminated 
11.7  grams  of  nitrogen  in  these  two  periods)  then  the  amount 
of  glucose  in  these  two  periods  should  have  been  (11.7  X  3.46) 
40.5  grams.  The  actual  amount  of  glucose  eliminated  was  54.6 
grams,  which  shows  that  14-1  grains  of  glucose  came  from  the  10 
grams  of  propionic  acid. 

EXPERIMENT  n. 
TioeUfe^hour  periods. 
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15 

IV 

14.0 

5.4 

19.3 

3.58 

0.37 

0.23 

1.94 

Fasting. 

15 

V 

4.6 

24.9 

6.46 

0.18 

0.16 

1.69 

10  grams  of  pro- 
pionic acid  as 
above    given 
per  OS. 

16 

VI 

4.4 

19.1 

4.88 

0.18 

0.19 

2.29 

Fasting. 

16 

VII 

4.5 

15.1 

3.37 

0.23 

0.13 

2.31 

Fasting. 

In  this  experiment,  as  in  the  first,  "extra"  glucose  was  elimi- 
nated after  feeding  sodium  propionate.  The  D :  N  ratio  in  the  fore 
and  after  period  was  3.58  and  3.37;  if  we  take  the  mean — ^3.47 — 
for  periods  V  and  VI,  and  apply  the  same  method  of  calculation 
as  above,  we  find  that  the  10  grams  of  propionic  acid  yielded  in  this 
case  12j8  grams  of  glucose. 

Experiment  III  is  corroborative  of  the  first  two.  Here  the 
"extra"  glucose  is  completely  eliminated  in  period  III.  The  D:N 
ratio  in  periods  II  and  IV  is  3.9  and  3.65.    By  taking  the  mean  of 

*  The  extra  glucose  was  identified  as  such  through  the  correspondence  of 
the  figures  obtained  by  the  polariscopic  determination  with  those  of  AUihn's 
gravimetric  method. 
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BXFERIMBNTni. 

Twelve-hour  periods. 
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these  two  as  the  ratio  for  period  III,  we  find  that  17.1  (8.06  X 
3.77  =  30.39.  47.46  -  30.39  «  17.07)  grams  of  glucose  came  from 
the  propionic  acid. 


DISCUSSION. 


If  all  of  the  carbon  of  the  propionic  acid  goes  over  into  glucose, 
10  grains  of  propionic  acid  can  give  rise  to  12.2  grains  of  glucose. 


CH, 

I 
2CH,     - 

I 
COOH 

148 


-»     CAiOt 


180 


In  the  experiments  reported  above,  we  find  that  in  every  case  more 
glucose  was  eliminated  than  can  be  theoretically  attributed  to  the 
propionic  acid. 
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The  excess  in  the  first  two  experiments  may  be  attributed  to 
errors  in  calculating  the  ''assimied"  D:N  ratio.  The  value  in  III 
is  a  little  too  high.  Its  significance  will  be  investigated  in  the 
near  future. 

Up  to  the  present  time,  it  was  believed  that  for  the  conversion 
of  a  substance  into  glucose,  an  alcohol,  aldehyde  or  a  ketone  radi- 
cal in  the  molecule  was  essential.  This  is  the  first  proof  to  the 
contrary.  It  shows  very  clearly  that  a  fatty  acid  may  be 
converted  into  glucose. 

BUMMABT. 

Three  experiments  were  performed  on  phlorhizinized  dogs,  which 
received  10  grams  of  propionic  acid  either  subcutaneously  or  per 
OS,  The  results  justify  the  conclusion  that  the  propionic  acid 
is  completely  converted  into  glucose. 
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Paranuclein,  synthetic,  compared 
with  paranuclein  split  from 
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